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You can make more money selling 
the Sylvania color bright 85XR. 

And Olive Oyl will look just as beautiful. 
Beauty is in the eye of the beholder. 
And the beauty of the color bright 

85XR is that its picture is in the same 
league as the more expensive "black sur- 
round" and "black matrix" color tubes. 

Our bright phosphors make the color 
bright 85XR real competition for any pic- 
ture tube on the market. 

And our simplified manufacturing 

process lets us sell it to you at a lower 
price than any "black surround" tube. 

The picture will look beautiful to your 
customer. 

The profit will look beautiful in your 
cash register. 

If that isn't beauty, what is? ® SYLVANIA 

fion Simulated. King Features Syndicate © 1971 World Rights Reserved. 
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76 e4 introductory offer to new members of the 
ELECTRONICS AND CONTROL NGINEERS' BOOK CLUB 

107/971 

ELECTRONIC 
CIRCUITS: 
PHYSICAL 
PRINCIPLES, 
ANALYSIS AND 
DESIGN 
by P. M. Chirlian 
Pub. price, $15.50 
Club price, $13.25 

637/458 

DESIGNING 
WITH TTL 
INTEGRATED 
CIRCUITS 

by Texas 
Instruments 
Inc. 

Pub. price, $18.50 
Club price, $13.50 

286 515 

INTEGRATED 

CIRCUITS: 
A Basic Course 
for Engineers 
and Technicians 
by R. G. Hibberd 
Pub. price, $9.95. 
Club price, $8.45 

"4' 
t((ß uONIC 

6IhC l(S 

404/437 

SOURCEBOOK 
OF ELECTRONIC 
CIRCUITS 

by J. Markus 
Pub. price, $19.75 
Club price, $14.75 

259/607 

COMMUNICA- 
TION SYSTEM 
ENGINEERING 
HANDBOOK 

by 
D. H. Hamsher 
Pub. price, $29.50 
Club price, $22.50 

497/265 

ELECTRONIC 
SWITCHING, 
TIMING AND 
PULSE CIRCUITS. 
2/e 
by Pettit & 
McWhorter 
Pub, price, $12.50 
Club 'rice, $8.95 

313/059 
HANDBOOK OF 

SEMI- 
CONDUCTOR 
ELECTRONICS, 

3/e 
by P. Hunter 
Pub. price, $27.50 
Club price, $21.50 

308/470 
ACTIVE FILTERS: 
LUMPED, 
DISTRIBUTED, 
INTEGRATED, 
DIGITAL & 

PARAMETRIC 
by 
L. P. Huelsman 
Pub. price, $16.50 
Club price, $13.95 

VALUES FROM 
$9.95 to $34.75 

Special $1.00 bonus book 
comes to you with your 

first club selection 

494/754 

ENGINEERING 
MANUAL, 2/e 
by R. H. Perry 

Pub. price, $12.50 

Club price, $9.95 

158/215 

AN 

INTRODUCTION 
TO ELECTRONIC 
COMPUTERS, 2/e 
by G. B. Davis 

Pub. price, $12.50 
Club price, $9.30 

124/035 

HANDBOOK OF 
PHYSICS, 2/e 
by Condon and 
Odishaw 

Pub. price, $34.75 
Club price, $14.95 

654/301 

ENGINEERING 
MATHEMATICS 
HANDBOOK 
by J. J. Tuma 

Pub. price, $9.95 
Club price, $8.45 

621,616 

WAVE 

GENERATION 
AND SHAPING, 
2/e 
by L. Strauss 

Pub. price, $16.50 
Club price, $13.95 

209/731 

STANDARD 
HANDBOOK FOR 

ELECTRICAL 
ENGINEERS, 
10 /e 
by Fink and 
Carroll 
Pub. price, $32.50 
Club price, $24.95 

Save time and money by joining the f T 
Electronics and Control Engineers' Book Club 

HERE is a professional club designed specifically to meet your 
day -to -day engineering needs by providing practical books 

in your field on a regular basis at below publisher prices. 
How the Club operates: Basic to the Club's service is its publi- 

cation, the Electronics and Control Engineers' Book Club 
Bulletin, which brings you news of books in your field. Sent to 
members without cost, it announces and describes in detail the 
Club's featured book of the month as well as alternate selections 
which are available at special members' prices. 

When you want to examine the Club's feature of the month, 
you do nothing. The book will be mailed to you as a regular part 
of your Club service. If you prefer one of the alternate selec- 
tions-or if you want no book at all for that month -you notify 
the Club by returning the convenient card enclosed with each 
Bulletin. 

As a Club member, you agree only to the purchase of four 
books over a two -year period. Considering the many books pub- 
lished annually in your field, there will surely be at least four 
that you would want to own anyway. By joining the Club, you 
save both money and the trouble of searching for the best books. 

Circle 1 on reader service card 

I:hlr 
MAIL THIS COUPON TODAY 

ELECTRONICS AND CONTROL ENGINEERS' BOOK CLUB 
582 Princeton Road, Hightstown, N.J. 08520 

Please enroll me as a member of the Electronics and Control Engi- 
neers' Book Club and send me the two books indicated below. I am 
to receive the bonus for just $1.00, and my first selection at the 
special Club price shown. These books are to be shipped on ap- 
proval, and I may return them both without cost or further obliga- 
tion. If I decide to keep the books, I agree to purchase as few 
as four books during the next two years at special Club prices (at 
least 15% below list). 

Write Code No. of 
bonus book 

here 

Write Code No, of 
first selection 

here 

Name 

Address 

City 

State Zip 

E33190 
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It stopped the traffic in Times Square. 

We took our new ST -5130 FM stereo/ 
FM -AM tuner to Times Square, where 
traffic - and ignition interference noise - are at their peak. Then with a flick of 
a switch, we stopped the noise dead. 

That switch cuts in our new, exclu- 
sive, Impulse Noise Suppression circuit. 
It instantaneously cuts out the man- 
made impulse noises that can plague 
FM recept_on. 

With this background interference 
gone, it's easy to hear and appreciate the 
rest of the 5130's super -tuner perform- 
ance. The numbers are unbeatable: 1.5 

u V IHF sensitivity, 1.0 dB capture ratio, 
100 dB selectivity, and 100 dB rejection 
of images, i.f., and spurious response 
(with equally remarkable AM perform- 
ance, of course). 

And you'll also like such features 
as the 5130's oscilloscope output jacks 
for multipath indication, and it's inde- 
pendently- controlled headphone jack. 

Impulse Noise Suppression. Hear 
the difference it makes, at your nearby 
Sony Dealer. Sony Corporation of 
America, 47 -47 Van Dam Street, Long 
Island City, N.Y. 11101. 

New SONY ST-5130 FM Stereo/FM-AM Tuner 
Circle 2 on reader service card 
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F O R M E N W I T H I D E A S I N ELECTRONICS 

June 1972 

SPECIAL 
FEATURES 

37 Electronics Outdoors 
See the roles played by CB, marine electronics, stereo and 
alarm systems in the outdoors. by Leo Sands 

44 Experiment With A $32 Solid -State Laser 
Low -cost "safe" laser is great for learning laser 
fundamentals. by Forrest Mims 

4- CHANNEL 
STEREO 

AUDIO -HI -FI 

33 Sansui Matrix System 
How it and other systems work. by Joe Shane 

36 Speaker Arrangements For 4- Channel Stereo 
Eight different setups for experiments in wraparound sound. 
by Warren Roy 

92 Equipment Report 
Onkyo model 20 speaker system 

TELEVISION 26 Equipment Report 
Heathkit IO -103 triggered -sweep scope 

70 Service Clinic 
Time savers -and why you should by Jack Darr 

71 Reader Questions 
R -E's Service Editor solves reader problems 

BUILD ONE 
OF THESE 

41 IC Key Opens Electronic Door Lock 
High- security lock uses an IC on a plug -in circuit card as its 
key. by J. B. Wicklund 

59 CB Radio Call Light 

60 Build A Transistor Curve Tracer 
Use it with your scope to check solid -state devices in- circuit 
and out -of- circuit. by Charles Caringella 

GENERAL 4 Looking Ahead 
Current happenings. by David Lachenbruch 

24 Appliance Clinic 
TVI from home appliances. by Jack Darr 

40 Safety Switch For Bikes by John Garboury 

52 Using Op -Amps 
Six circuits to try -vtvm, audio generators, and others. by B. 
R. Rogen 

55 Using R -E's Digital IC Tester 
You built it last month, now put it to work. by Jack Cazes 

ELECTRONICS 

DEPARTMENTS 16 Letters 

6 New & Timely 

77 New Books 

84 New Literature 

74 

85 

86 

103 

82 Try This One 

New Products 

Next Month 

Noteworthy Circuits 

Reader Service 

BUILD A $32 LASER? It can be done. You'll 
find complete construction details in this 
issue. . . .see page 44 

FRONT 

L 4 
1, 

REAR 

HERE IS ONE OF EIGHT speaker arrangements 
for 4- channel listening. . . .see page 36 
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looking ahead 

4- channel broadcasting 

The quadraphonic stan- 
dards battle has prompted the 
Electronic Industries Associa- 
tion to start a study of the vari- 
ous proposals for four -channel 
FM broadcasting standards, 
with a view to making recom- 
mendations to the FCC. Sev- 
eral systems have already 
been proposed for transmitting 
discrete four -channel material. 
Many FM stations, however, 
are already transmitting four - 
channel matrix discs over the 
air. This requires no change in 

broadcast standards, and no 
special FCC permission. To re- 
ceive a matrix broadcast in 
four channels, the listener 
merely uses the same decoder 
required for four -channel ma- 
trix discs. CBS says more than 
100 FM stations have already 
requested SQ discs for broad- 
casting, and a larganumber of 
stations are also broadcasting 
the stereo -4 (Electro- Voice) 
system. Broadcasting discrete 
four -channel information, such 
as quadraphonic tapes or RCA 
records, would require special 
FCC rules. The EIA study is de- 
signed to determine whether 
such rules are needed and, if 

so, what is the best four -chan- 
nel broadcast system. 

Digit gadget 

Unless you've lived in outer 
space for the last year or so, 
you've probably noticed that 
the biggest current radio craze 
is the digital clock radio. It's 
estimated that about 45% of 
the clock radios sold in the 
United States last year had 
digital readouts, rather than 
standard two -hand clock 
faces. This year, the majority 
of clock radios sold undoubt- 
edly will be digital. And they 
generally cost more than their 
moon -faced counterparts. 
Long before they were called 
by their new name, "direct - 
reading" clocks were manu- 

factured in the United States - 
since the early 1930's, using a 

simple, continuous -moving 
drum -type mechanism similar 
to that in an automobile odome- 
ter. The digital clock- radio, 
however, came into its own with 
the development of the so- 
called "flip- card," "leaf" or 
"page" mechanism made in Ja- 
pan by acompany called Copal. 

Copal's grip on the digital - 
clock market was loosened 
last year by General Time Cor- 
poration, who offered radio 
manufacturers a new type of 
digital movement. This uses a 

backlighted Mylar tape, per- 
mitting bright lighting and easy 
visibility at night. Additional 
advantages claimed are nu- 
merals flush with the face of 
the radio, and absence of the 
"click" which some light 
sleepers find objectionable in 

flip -card clocks. But even the 
tape digital isn't the last word, 
apparently. Telechron is now 
offering radio manufacturers 
an "electronic " -appearing dig- 
ital readout. It uses the prin- 
ciple of many electronic read- 
outs -that is, each number 
element is composed of seven 
bars. But it works mechani- 
cally, rather than electroni- 
cally. A series of cams and le- 
vers causes the unneeded 
bars to be blocked off and a 

light projects the rest onto a 

one -inch -high screen on the 
panel of the radio. You'll begin 
to see this new type of clock 
radio late this summer or early 
in fall. 

What's next? Why the true 
electronic clock radio, of 
course. Some models are al- 
ready on the market, but at 
very high prices because of 
the cost of the indicator de- 
vices. Radio manufacturers 
are carefully following the 
progress of liquid -crystal tech- 
nology as the most promising 
source for a reasonably priced 
electronic clock readout. 
When liquid -crystal readout 
life expectancy is satisfactory, 
we'll likely see the debut of a 

clock radio with a completely 

electronic clock, using in- 
tegrated circuitry for the clock 
movement. That is, unless 
somebody decides to in- 
troduce a marvelous new item 
called the "analog clock." 
This is a round disc with 12 
numbers, a small hand to point 
to the hour and a larger hand 
for minutes. It permits you to 
tell the time without actually 
"reading" it, once you've got 
the knack of it. It could prove 
quite a novelty for some future 
generation. 

4- channel discrete disc 

RCA's first discrete 
quadraphonic LP album is 
scheduled for release at about 
the time you read this, and it 
will signal the start of an all -out 
four -channel record war with 
CBS, which is issuing records 
using its own four -channel SQ 
matrix system. RCA an- 
nounced that it had perfected 
the CD -4 recording system de- 
veloped by Victor Corporation 
of Japan (R -E, March 1972), 
which uses a 30 -KHz carrier to 
convey the rear- channel sig- 
nals. Like CBS's SQ system, 
the RCA method is compatible 
with regular stereo and mo- 
nophonic record -playing 
equipment. But the RCA four - 
channel disc can't be played in 

four channels over SQ decod- 
ing systems, and SQ likewise 
can't play back four channels 
on RCA equipment. 

RCA says it has overcome 
the drawbacks of the CD -4 sys- 
tem. A new record material 
containing a lubricator is 

claimed to double the life of 
the disc, RCA said tests 
showed that the new disc 
could be played 100 times with 
a low- priced stereo cartridge, 
showing no signs of wear to 
the high- frequency rear -chan- 
nel carrier. Record masters 
will be cut at one -third normal 
speed to provide better defini- 
tion for the high- frequency 
carrier. An improved demod- 
ulator, developed in Japan by 

Matsushita Electric (Pan- 
asonic), is claimed to eliminate 
the need for a special pickup 
cartridge, although such spe- 
cial cartridges will be recom- 
mended for use with top -qual- 
ity audiophile equipment. The 
demodulator initially will cost 
about $80, roughly equivalent 
to top -quality SQ logic -type 
decoders. RCA's four -channel 
discs will sell at the same price 
as conventional two -channel 
stereo LPs, and the company 
says it hopes eventually to 
eliminate two -channel records 
entirely, since the four -channel 
disc is completely compatible. 
CBS's SQ records currently 
sell at a one -dollar premium. 
Playback equipment for the 
new disc will be made by RCA, 
JVC and Panasonic. 

The videocard 

A four -by -five card that can 
be inserted in a special 
videoplayer to give you 30 
minutes of recorded color TV 
programming- that's the pros- 
pect posed by a new devel- 
opment of Digital Communica- 
tions Corp., Encino, Cal., and 
Battelle Development Corp., 
Columbus, Ohio. The two corn - 
panies are developing a pro- 
totype of the new video system 
that provides digitally encoded 
signals on photographic film. 

A more conventional type 
of home video recorder -player 
has gone into production, 
meanwhile. Cartridge Televi- 
sion, Inc., is now delivering 
color video tape decks to Ad- 
miral, Teledyne Packard Bell 
and Warwick Electronics, that 
will be built into 25 -inch color 
sets and marketed this fall un- 
der the brand names of Admi- 
ral, Packard Bell, Sears Roe- 
buck, Emerson and DuMont. 
RCA has its own version of a 

home color video tape 
recorder, that probably will 
reach the market in 1973. R -E 

by DAVID LACHENBRUCH 
CONTRIBUTING EDITOR 
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If you're the kind of guy who likes to devise his own 
equipment or the kind who appreciates clever me- 
chanical design, then Mallory do- your -thing products 
are for you. 

They'll let 
your way. 

you invent, create, modify, so things work 
And of course, you'll get famous Mallory 

quality and performance you can 
count on too. Get them at your 
nearby Mallory Distributor. 

AUTOMOBILE 
REMINDER ALARM 
Ever leave your lights on? 

.Never again ... with solid - 
ate Sonalert,. Its shrill 

ound warns you, prevents 
battery drain. Use on turn sig- 
nals, reverse gear ... or any 
electrical component on your 
car, truck, boat, tractor. For 
6 and 12 volt. 

CONTROL 
YOUR TIME 

Use "Easy Time" 24 -hour 
timer. Turns anything you 
plug into it on and off. Ap- 
pliances, lights, pumps, 

*motors, humidifiers... 
you name it. Tough 
enough to handle 12 
amps, 1500 watts. 

HIGH 
INTENSITY 
NOISE 
Compact, 
purse -size, 

big -sound 
Handy Blast... 
your personal 
alarm. Use it for 
anything... 
boat horn, 
emergencies, 
scare muggers, 
signals, call 
kids, scouting, 
bicycling... 
even cheer your 
team. 

ON- THE -GO GROOMING 
Free yourself from conventional, bulky 
shaving gear. Handy Shaver ... it's 
about the size of a cigarette pack. Hi- 
speed, quiet, 3 -volt motor for fast, no- 
pull shaving. Comes with Duracell 
batteries, mirror cap and tough carry- 
ing case. Also available in new side- 
burn trimmer model,- 

SILENT PROTECTION 
Crime Alerta... uses invisible, silent ultrasonic sound - 

waves. Anything that 
moves triggers its 
piercing alarm. Use 
anywhere ... battery 
or plug in. Acces- 
sories to make it to- 
tal security system. 

SOUND WHERE YOU WANT IT 

The most popular, portable recorder/ 
player around. Batteries or plug in. Push- 
button operation, pop-up ejection, 
automatic shut off. With sensitive 

dynamic mike, earphone, Durataper 
cassette, Duracell á alkaline batteries. 
Ask for the MCR 1211. 

MALLORY 
MALLORY DISTRIBUTOR PRODUCTS COMPANY 
a division of P. R. MALLORY & CO. INC. 
Box 1284, Indianapolis, Indiana 46206; Telephone: 317 -636 -5353 

Circle 3 on reader service card 
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new G. timely 

ZENITH ACOUSTO -OPTIC DEFLECTOR SYSTEM 

I f RECu iI. NCR 
GENERATOR 

Laser deflector system 
At the Electro- Optical Systems De- 

signs Conference, Zenith Radio Research 
Corporation displayed a developmental 
news printer which is one version of an 
acousto -optic character generating sys- 
tem. 

In this demonstration system, input 
signals from UPI (United Press Inter- 
national) newswire are converted into a 

code that is processed through a seven - 
frequency generator and fed into the Ze- 

ZENITH'S D -70R ACOUSTO -OPTIC laser de- 
flector shown with a simulated laser light beam. 

nith M -40R modulator. This splits the laser 
beam into seven laser beams which are 
turned on and off as determined by the in- 
coming newswire signal. In the D -70R la- 
ser deflector, the laser beams are made to 
scan. and in the Cascade 800, the resolu- 
tion of the D -70R is doubled. The seven - 
beam fan is then scanned across a contin- 
uously moving roll of red -sensitive photo- - - - - - - 
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D7OR 

ORINEN 

DRIVEN 

B)/ D1ORC 
CASCADE BOO) 

PAPER PROCESSOR 
(NEAT a LIGHT) 

graphic paper, which feeds out of the 
news printer in just a few seconds, ready 
to read. 

When discussing possible appli- 
cations of the character generator, Dr. 
Robert Adler, Zenith vice president and di- 
rector of research said, "This character 
generator could have important uses in 

any system of high -speed storage and re- 
trieval of information." Additional uses of 
the system, which is capable of printout 
exceeding 100,000 characters per sec- 
ond, include direct printing of output of a 

computer on microfilm, laser beam corn - 
munications, electronic typesetting. opti- 
cal ranging, signal processing, and vibra- 
tion analysis. 

Microvolt electric signals 
from fishes 

Dr. Eric G. Barham, marine biologist 
and oceanographer in the Marine Environ- 
ment Division of the Naval Undersea Re- 
search and Development Center in San 
Diego, set out to conduct experiments du- 
plicating the discovery of "novel" energy 
forms said to be produced by non -electric 
fishes. He used solid -state electronic com- 
ponents to sense signals generated by the 
small animals submerged in water. 

"We have found many non -electric 
fishes generate extremely weak electric 
signals, of the order of one -tenth of a mi- 
crovolt. that can be received remotely with 
electrode antennas and solid -state ampli- 
fiers," said Dr. Barham. His work indicates 

that the signals are not a novel energy 
form, but are extremely weak electrical im- 
pulses probably generated by the fishes' 
muscular contractions. The majority of 
similar signals picked up in large bodies of 
water are electrically -coupled com- 
ponents of ground currents and atmo- 
spheric noise originating from physical 
causes and are not generated by fishes. 

Hugo Gernsback 
scholarship winner 

Jerry E. Chamberlain, who is currently 
working as Federal Electric Corporation 
supervisor of communications sites in 
Thailand, has been selected by the Grant- 
ham School of Engineering to receive its 
Second Annual Hugo Gernsback Scholar- 

ship Award. This $125.00 scholarship from 
Radio-Electronics is given each year to 
outstanding students at eight home -study 
schools of electronics. 

Jerry joined the Navy in 1958, receiv- 
ing training as an Aviation Electronics 
Technician and completing assignments 
in the United States and Spain. He was 
later employed by Philco Corporation as a 
bilingual technical representative instruct- 
ing Spanish Air Force personnel on air- 
craft control. He went to Thailand with 
Philco in 1965 and subsequently began 
working for the Federal Electric Corp. 

NEED A PICKPROOF LOCK 
Try the electronic lock and key de- 
scribed on page 41 of this issue. The 
key is an IC mounted on a printed -cir- 
cuit board; and the lock is just about 
tamperproof. 

CATV venture 
The Chromalloy American Corpora- 

tion and the Laser Link Corporation have 
announced participation in a venture into 
the field of entertainment for CATV in 

(continued nn page I 2) 
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RCA 
IC Project Kit 
Digital 
Display 

Learn or extend your know', edge of 
ütal integrated circuits - build 

practical counting circuits games, 
clocks and more - using this building - 
block kit. Kit features an incan- 
descent readout device of high bright- 
ness and clarity providing a display 
of the numbers O through 9 

RC/1 

d 
RC/1 

IC Project Kit 
Digital 
Counter 
KC4012 

,et into digital integrated circuits with 
building -block kit. Euild frequency - 

dlvider chain circuits - power -line or 
rystal controlled. The crystal -con- 

trolled circuit. which provides a wide 
range of fixed output frequencies, can 
also be used for calibration of electronic 
equipment. 

RCn 

Go digital with RCA KC4011 and 
KC4012 display and counter kits... 
newest in a series of RCA project kits 
designed to provide an introduction to 
practical applications of Integrated 
Circuits. 

With KC4011 and KC4012, indi- 
vidually or in combination, you can 
build many functional projects such as 

binary counter, photoelectric counter, 
dice game, 12- or 24 -hour clock, pow- 
er -line- divider chain, and frequency - 
divider chain. Easy -to- follow instruc- 
tions, too, of course. 

For experimenters and profession- 

als interested in learning more about 
IC's, these kits offer an innovative ap- 
proach to solid -state know -how. At the 
same time, you can build projects for 
use on the workbench, in the shop, or 
around the home. 

Your RCA D stributor has 
KC4011 and KC4012 along with doz- 
ens of other RCA Pro ec; Kits, Variety 
Packs, Add -on Kits, Hardware, and Ac- 
cessories, plus the RCA Solid -State 
Hobby Circuits Manual, HM -91.. See 
him about the solid-state circuit you 
have in mind. Ask him, too, for your 
copy of 1L1350Á, a brochure detail- 

ing all RCA IC Kits, Experimenter's 
Kits, and support information. Or, 
write RCA, Commercial Engineering, 
Section 132E, Harrison, N.J. 07029. 
Do it today. 

Electronic 
Components 
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Kit for kit, 
text for text, 
dollar for dollar, your 
best home training 
buy is NRI 
NRI "hands on" method gives you as much as 2 years 
of on- the -job experience. Pick your field and enroll now! 
After over 55 years of training men for Electronics in 
their homes, NRI knows that theory alone is not 
enough. That's why NRI concentrates so heavily in 
the development of special training equipment. Your 
hands must be trained as well as your head, and NRI 
gives you both kinds of training in a manner no other 
school can match. 

You get your hands on professional parts and demon- 
strate theory you read in NRI's unique "bite- size" 
texts. You build designed- for -learning Electronic cir- 
cuits and complete, operating equipment. You use 
what you build to prove out what you read. Elec- 
tronics comes alive in the most valuable, practical 
manner. You experiment with the same kinds of solid - 
state and transistorized and tube circuits you'll find 
on the job -not hardware or breadboard hobby kits. 

NRI prepares you for your choice of careers in Color 
TV Servicing, Communications, Industrial Electron- 
ics and the growing field of Computer Electronics. 
Many NRI graduates start earning $5 to $7 an hour 
extra soon after they enroll, fixing home Electronic 
equipment for friends and neighbors in spare time. 
NRI's remarkable teaching method simplifies, organ- 
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izes, dramatizes subject matter so that any ambitious 
man, regardless of his education, can effectively learn 
and profit from the Electronics course of his choice - 
and NRI gives you 15 training plans to choose from. 

Over three -quarters of a million men have enrolled 
with NRI since 1914. Proof of the value and experi- 
ence you get when you choose NRI for your Elec- 
tronics training ... proof of why NRI continues to be 
the country's largest Electronics home -study school. 
Discover for yourself how easy it is to move into 
Electronics and move up in a rewarding career. Mail 
the postage -free card for the new NRI Catalog. There 
is no obligation. No salesman will call on you because 
NRI does not employ salesmen. NATIONAL RADIO 
INSTITUTE, Washington, D.C. 20016. 

If postage -free card is missing, write to: 
NATIONAL RADIO INSTITUTE 
Washington, D.C. 20016 

GET FACTS ABOUT GI BILL 
If you have served since January 31, 1955, or are in 
service now, check GI line on postage -free card. 
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...first and only school to include 

training equipment designed from 

chassis up for your education 

Earn $5 to $7 an hour spare or full 
time in COLOR TV SERVICING 
It's easy to learn as you build, stage -by- stage, the only 
custom designed Color TV receiver engineered specifically 
for training purposes. You grasp a professional under- 
standing of all color circuits through logical demonstrations 
never before presented. The end product is a superb Color 
TV set that will give you and your family years of viewing 
pleasure. NRI gives you the option of selecting either 
Color or black- and -white training equipment. 

There's glamour, success awaiting 
Technicians in COMMUNICATIONS 
NRI gives you the experience you need to qualify for 
jobs in TV broadcasting stations, or operating and servic- 
ing mobile, marine, aviation communications equipment. 
You build and use a solid -state voltohmmeter; perform 
experiments on transmission lines and antenna systems, 
even build your own 25 -watt, phone -cw amateur transmit- 
ter band. In all NR' Communications courses, you must 
pass your FCC exams -or you get your money back. 

Fill technical jobs without a degree 
in INDUSTRIAL ELECTRONICS 
NRI's Electronics Technology course gives you completely 
specialized training kits engineered for business, industrial 
and military Electronics fields. On completing this train- 
ing, competent technical ability can be instantly demon- 
strated by you. As you learn, you actually build and use 
your own training center in solid -state motor control and 
analog computer servo- mechanisms. Telemetering circuits, 
solid -state multi -vibrators, even the latest integrated cir- 
cuits are included in your home training program. 

twa 

Prepare quickly for a high pay career 
in COMPUTER ELECTRONICS 
This may well be the most unique and exciting educational 
aid ever developed for home training -a digital computer 
with memory you build and use to learn organization, 
trouble shooting, operation and programming. It performs 
the same functions as commercial computers you encounter 
on the job. Lessons stress computer repair. You perform a 
hundred experiments, build hundreds of circuits. Your own 
solid -state voltohmmeter is included among the ten training 
kits you receive. 

OVER 50 YEARS OF LEADERSHIP IN ELECTRONICS TRAINING 
JUNE 1972 RADIO- ELECTRONICS 11 
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AUDIO 
COMPRESSORS 
THE VERSATILE ONES! 

MODEL ACA -1 

$49.95 KIT 

Assembled 
$69.95 

MODEL ACA -1 AUDIO COMPRESSOR maintains 
constant output level with 45 DB Input level 
change Flat 20- 20,000 Hz response Ex- 
tremely low harmonic distortion Front panel 
compression meter and in /out switch Easily 
installed in mike line 110 -volt a.c. or 12 -volt 
d.c. operation Only 5" W x 21/4" H x 41" D. 

MODEL ACP -1 Ilr-1 $ 24.95 KIT 
s 

Assembled 
$34.95 

MODEL ACP1 COMPRESSOR -PREAMP features 
30 DB compression range Flat 20- 20,000 Hz 
response and low harmonic distortion Easily 
installed in mike line 9 -volt battery operation 

Only 4" W x 21/2"" H x 31/2" D. 

IDEAL FOR: 
t/ TAPE RECORDERS ...Automatically control 
recording level. Achieve professional results 
with little effort. Ideal for music, lectures, fam- 
ily gatherings. Used by recording studios, 
schools, radio and TV stations. 

ELECTRIC GUITARS ... Add Exciting new 
sound with sustainer action from compressor 
on musical notes. Enhances effect of wa -wa, 
fuzz, and reverb. Used by many well -known 
rhythm groups. 

f/ TRANSMITTERS ... Improve performance of 
amateur radio and CB transmitters with in- 
creased talk power. Push -to -talk line included 
in both units. 

P.A. SYSTEMS . Automatically compen- 
sates for different voice levels. Maintains constant 
output volume and reduces annoying feedback. 

i STANDARD -TIME RECEIVER 

MODEL STR -1 

$74.95 KIT 

Assembled 
$99.95 

Crystal -controlled 5, 10 & 15 MHz WWV re- 
ceiver 0.25 microvolt sensitivity Telescop- 
ing antenna and built -in speaker Complete 
with all crystals Compact size only 4Y2" W 
x 21/4" H x 51/2" D. 

Send check or money order, plus $1.50 for 
shipping anywhere in U.S.A. California residents 
add 5% sales tax. 

DEALER INQUIRIES INVITED 

Cei 
CARINGELLA ELECTRONICS, INC. 

Box 327 Upland, California 91786 
Phone 714- 985 -1540 

new 
&timely( 

continued from page 6) 
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homes, hotels, motels and hospitals, as 
well as for commercial VHF and UHF tele- 
vision stations. Their new company is 
TelePremiere International, and they call 
the proprietary system of TV exhibition 
TheatreVisioN Systems. Dore Schary, 
former vice president of MGM and RKO 
Pictures, is the president of TelePremiere 
International. 

The telecast TheatreVisioN system 
will be submitted to the FCC to validate 
that it performs in accordance with FCC 
specifications for this type of service. "Ne- 
gotiations are in progress with major cable 
systems operators, hotel chains and oper- 
ators of hospital TV systems for the rights 
to TheatreVisioN Systems in the US and 
Canada," Mr. Schary disclosed. 

Hologram -based security system 
RCA Corporation has installed a lock - 

and -key system based on a laser -made 
hologram at its Zurich laboratory. The 
patented invention, called Hololock or 
Holocard, is designed to be used for ad- 
mittance to restricted areas, as well as for 
credit card and other identification appli- 
cations. 

The hologram card contains a coded 

number and other information about the 
employee carrying it. When inserted into a 

slot in a special box at the laboratory's 
main entrance, the card's number is read 

out by illumination with a standard light 
bulb. The number is then compared with a 
number punched into an associated key- 
board by the employee. If the two match, 
the door unlocks for 90 seconds. The sys- 
tem also keeps track of the times each 
card is used. 

(continued on page 14) 

Radio-Electronics is published by Gerns- 
back Publications, Inc. 200 Park Ave. S. 
New York, N.Y. 10003 (212) 777 -6400 
President: M. Harvey Gernsback 
Secretary: Bertina Baer 

ADVERTISING SALES 
EAST 
Stanley Levitan, Eastern Sales Mgr. 
Radio -Electronics 
200 Park Ave. South 
New York, N.Y. 10003 
(212) 777 -6400 

MIDWEST /Texas /Arkansas /Okla. 
The Ralph Bergen Co. 
6319 N. Central Ave. 
Chicago, III. 60646 
(312) 792 -3646 

PACIFIC COAST /Mountain States 
J.E. Publishers Representative Co., 
8560 Sunset Blvd., 
Suite 601, 
Los Angeles, Calif. 90069 
(213) 659 -3810 
420 Market St., 
San Francisco, Calif. 94111 
(415) 981 -4527 

SOUTHEAST 
E. Lucian Neff Associates 
25 Castle Harbor Isle, 
Fort Lauderdale, Florida 33308 
(305) 566 -5656 

MOVING? 

Don't miss a 

single copy of 
Radio -Elec- 
tronics. Give 
us: 

Six weeks' no- 
tice 

Your old ad- 
dress and zip 
code 

Your new ad- 
dress and zip 
code 

ATTACH 

LABEL 

HERE 

name (please print) 

address 

city state 

Mail to Radio- Electronics 
SUBSCRIPTION DEPT.. BOULDER, 

80302 

zip code 

COLO. 
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m ITS announces... 

our fourth generation. 
Buying an electronic calculator is a lot like buying anything else today: 
you have to choose the right product for a given use and he sure that 
the product you buy performs as well as you expect it to. That's why 
MITS - the original kit calculator company -- in order to answer the 

need for a high caliber calculator at an easily affordable price, has de- 

veloped the 1440. 

Just like the other members of the MITS Tamil Ithe 808. 8I(A, and 

816B), the 1440 uses only the highest quality components available 

front such American companies as National Semiconductor, AMP. TI. 
Sprague. and IRC. Special attention was given to its 'state of the art' 
design, assuring customer satisfaction by the establishment of standards 

like: 5','4 resistors; fully interconnected. double sided, plated through 
PC hoards: extra large LED's; individual mounting sockets for all 

integrated circuits; precut, stripped, and tinned wire: and double 
injected, feather touch keyboards. 

Put this much engineering effort into a case of 'designer's piece' quality, 
provide comprehensive detailed instructions covering Theory of Opera- 
tion (with complete schematics and logic diagrams). Step by Step 
Assembly, Troubleshooting. and Applications. then stand behind it 

with a full 90 day warranty (I year on assembled units), and you've got 
something you'll rarely find -- a product you can count on long after 
you buy it. 

+ the Iiu,eUOn, a rc 
V . .- I 

Menno mdude, a nmsmnl memon 
and an uulcpendenl data nxmn 

But this alone wasn't enough. So. because we hope your needs will 
never outgrow the 1440's six lùnetion - memorizingtcapahility, we 

incorporated two interfaces for completely compatible printing and 

programming units (available summer 19721 which can increase its 
functional capacity to that of a small desktop computer. 

The only remaining factor was a reasonable price. We think that 
SI99.95 (assembled 5249.95) is lair. and that's the only way we'd like 
to sell you one. 

Our four function 8I 6's (with 'computerizing' interfaces) and the 808 

have undergone design improvement too. They're available at S129.95 

(808); SI 49.95 (816Á): and SI 59,95 (8168). 

Micro Instrumentation 8 Telemetry Systems, Inc. 

2016 San Mateo NE, Albuquerque, 

Dealer Inquiries Invited 
Circle 5 on reader service card 

New Mexico 87110 505 - 266 2330 
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Discounted to provide you with a 

higher profit margin. 

Proven quality for better customer 
satisfaction. 

A complete range of service types 
for radio, TV, hi -fi, foreign and 
industrial electronics. 

In every important way, International 
Servicemaster is number one. 
For complete details, contact your 
International representative today, 
or International Electronics Sales 
Corporation, 10 Daniel Street, 
Farmingdale, New York 11735, 
(516) 293 -1500. 

International 

new e b meI y,NN;mIeC,;r0,11 page 12, 

International Electronics Sales Corp. 
div.of International CornponentsCorp. 

Grebe h on rcuder s en. ;ce curd 
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The hologram lock- and -key system 
offers a high degree of security because it 

cannot be altered, and highly specialized 
equipment is needed to produce the holo- 
gram. 

Competitive picture tubes 
New color tube types, both large and 

small, are in the works from United States 
and Japanese manufacturers, to compete 
directly with Zenith's Chromacolor and 
Sony's Trinitron. 

Both RCA and Sylvania are close to 
the sampling stage with "negative guard - 
band" tubes designed to deliver results 
similar to those of Chromacolor- higher 
brightness and better contrast. West- 
inghouse has also announced its Lus- 
trocolor Mark III tube, another Chromaco- 
lor competitor. 

RCA is also believed to be working on 
a "mini" series, probably in the new 15V" 
and 17V" sizes, that has some of the char- 
acteristics of Sony's Trinitron. The tube is 

said to use in -line electron guns (as op- 
posed to triangular configuration) and a 

shadow -mask with elliptical, rather than 
round, holes. The end result is said to be 
greater brightness, sharper picture, and 
simpler chassis electronics. 

Another competitor to Trinitron is 

Toshiba's Linytron tube, co- developed 

with Sharp and already featured in a 

Sharp television set. It has in -line guns, 
slit -type shadow -mask, and Toshiba an- 
nounced the start of production on a 13V" 
version. Toshiba has also developed the 
Briteron RIS (for rectangular cone in -line 
gun /shadow mask). The new tube has an 
extremely rectangular funnel, and re- 
quires only a single horizontal output tran- 
sistor. 

New two -way radio digital -code system from 
RCA relays radio messages from a police patrol 
car to headquarters. The code units, Integrated 
with the mobile radio system, can transmit up 
to 99 different number codes which substitute 
for routine voice messages. When the message 
is received the radio dispatcher pushes a but- 
ton that automatically lights an "acknowledge" 
lamp in the vehicle. 

AN EXPERIMENTAL SYSTEM ENCODES HANDWRITING motions on a writing surface into "bits" of 
Information which are translated into ultrasonic pulses and then transmitted over ordinary telephone 
lines via the "remote blackboard" system. The handwriting appears at a distant location nearly as 
fast as it is written on the blackboard. Bell Laboratory engineers devised the system which can store 
recorded film for future viewing. tj -H: 
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It's old enough to vote. 
You haven't seen one like it since 1954. 
Now you've got to 
service it. 

No sweat. PHOTOFACT0. gives you complete serv- 
ice data on 87,000 different radio /TV circuits ... 
including Rip Van Winkle, here. 

Sams Photofact is the most comprehensive Radio/ 
TV /Audio circuit source in the world. Photofact 
supplies complete service information on over 
87,000 models produced since 1946 -color and 
b -w TV, AM and FM radios, stereos and record 
changers. Plus service data on auto radios and 
tape players, CB radios, modular hi -fi and tape re- 
corders. Quite a package! 
And more data keeps coming. Every month, Photo- 
fact produces new Photofact data containing easy - 
to- follow service information on up to 65 of the 
latest chassis. 
This data includes the manufacturers' own printed 
board callout numbers, detailed circuits, photos, 
standard notation schematics, replacement parts 
lists and descriptions, etc., etc., for each model. 
It'll save you hours of time and frustration. 
And it's available in two ways: (1) Photofact-of-the - 
Month Club members receive regular monthly de- 
liveries of the latest data; (2) or you can purchase 
whatever service data you need as you need it 
from your local electronic parts distributor. 

Circle 7 on reade, 

The cost? A bargain either way. Photofact-of-the - 
Month Club members pay just $13.50 a month -a 
$56.00 a year saving for the entire service package. 
And if you need a Photofact on Rip Van Winkle, 
above, the price is only $3. 

1. Ask your Sams Distributor, or ... 
2. Fill out this coupon for membership in the 

Photofact -of- the -Month Club ... get service data 
on up to 65 new chassis every month, delivered 
in 6 handy file folders ... plus monthly "Bonus" 
certificate coupons toward a file cabinet of your 
choice. 

servi( 

HOWARD W. SAMS & CO., INC. 4300 West 62nd St., à Indianapolis, Indiana 46268 RE -062 
Please enroll me as a new member of the Photofact-of- 
the-Month Club. I agree to pay $13 50 per month for my 
membership and understand my subscription will begin 
with the 6 current Photcfact Sets. plus the Photofact 
Index, free, to be delivered by my Sams Distributor. 
Name 

Business name 

Address 
City State Zip 
My Sams Distributor k 
Sign here 

card 
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Something NEW From Oneida 

Belts- Round, Square or Flat. Make any type to your exact require- 
ment in seconds. Our $19.95 kits can produce an assortment of belts 
worth over $300.00. More important is having the belt you need when 
you want it. These kits cover 90% of all belts used in import and 
domestic tape players, cassettes and record players. Cover all your 
needs by purchasing our 3 kits. ORK -1 round, ORK -2 flat and square, 
ORK -3 O -ring material. Satisfaction guaranteed. If your local distribu- 
tor doesn't have them, ask him to order them for you. You will be 
$300.00 to $400.00 ahead. 

Sockets -All Types- Largest coverage in depth and type of any sup- 
plier in the U.S.A. Everything from: printed circuit, high -voltage, tran- 
sistor, nuvista, plus hundreds of others. Competitively priced. Same 
day delivery. For instant solution to socket problems call your ONEIDA 
distributor. 

3neida Electronic Mfg. Inc. 
843 N. Cottage Avenue 

Meadville, Pa. Phone: 814- 336 -2125 

Circle R on reader cerrìce card 

THINK OF IT 
ASACHEMICAL 
ULTRASONIC BATH 

: AI'°ie .sr ' ,^'* '.°i..t+ » 

Tat . r 

The moment you do, you'll improve the 
way you service tuners and other greasy 
chassis troublespots. You'll save time, as a 
concentrated power spray dissolves and 
washes away dirt and gunk. You'll save money 
-less spray is needed because there's a higher 
percentage of active ingredients. And you'll do a 
more thorough job -thanks to a premium formula 
that's more efficient and won't damage com- 
ponents. 

Next time you service, service chemically with the 
world's best- selling degreaser- TUN -O -WASH "2400. 
One of the fine chemical tools from 

CHEMTRONICS INC. 
1260 RALPH AVENUE 

BROOKLYN, N.Y.11236 

Our business is improving yours. 
Circle v on reader service card 
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letters 

PETER SCHEIBER COMMENTS 
ON QUADRAPHONICS 

Dear Editor: 
I read with great interest your ex- 

cellent March, 1972 quadraphonic issue. 
I'd like to point out one small thing in 

the table of matrix and discrete advan- 
tages and disadvantages: It was shown as 
an advantage of the discrete systems that 
their frequency range covered 30 to 
20,000 Hz. In fact, it is the matrix, and not 
the discrete system that reproduces the 
full 20 to 20,000 Hz range. JVC -RCA Pan- 
asonic claim response up to 15,000 Hz. 
Response of the discrete disc must be cut 
off sharply above this point to avoid ex- 
ceeding the bandwidth available in the 
multiplex process. Matrixing, however, im- 
poses no bandwidth restriction on any of 
the four channels, and the matrix 4 -chan- 
nel disc does make it all the way out to 
20,000 Hz. A fine point for purists, per- 
haps, but it is the matrixed, rather than the 
discrete disc which has the full 30 to 
20,000 Hz response. 

In an article about the CBS -Sony sys- 
tem, Radio -Electronics compared the re- 
sults of this system with the discrete four 
channels, which you called, "the ulti- 
mate." Why is it that the discrete, rather 
than the matrix system is called, "the ulti- 
mate?" You'll answer, because the dis- 
crete system has full channel separation." 
So, if electrical separation figure is the 
sole criterion of four -channel perfor- 
mance, then you're right- discrete is the 
ultimate. But, what about the quadra- 
phonic spatial effect -the capability of re- 
producing the acoustical space, or audi- 
tory environment of the original live 
performance? 

I'll come back to that in a minute - 
Now let me ask this: What about the basic 
signal quality that we have come to expect 
from a modern stereo recording? What if 
we said, for instance, that signal -to -noise 
figure and inherent distortion were the ba- 
sic criteria for judging a recording pro- 
cess -What system would come out "the 
ultimate ?" 

Japan Victor claims for its CD -4 disc a 

signal -to -noise ratio of "better than 50 
dB." This is interesting, because that is 
not a very good s/n figure by modern 
recording standards. The reason is, in 

part, that modulation level on the multiplex 
discrete disc must be reduced below that 
of a normal stereo disc in order to make it 

possible to get the high -frequency sub - 
(continued on page 22) 
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RCA engineers wrote the books! 

Comprehensive library of solid state 
theory and applications. 

Winn S 
,-;_tiU 7.V4 
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8E3,05 Designer 
Handt>,o°* 
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An extensive library of solid state theory and 
applications from the men who know the field 
best. RCA design engineers. RCA application 
experts. And RCA research scientists. 

Get the entire library of 13 volumes - 
5,600 pages of information - or just the books 
you need. 

The seven technical manuals and six 
DATABOOKS are available from RCA distribu- 
tors or directly from RCA. 

Act now. See your RCA Distributor, or 
mail coupon with check, money order, or pur- 
chase order to: RCA Corporation, Solid State 
Division, Section RE, Box 3200, Somerville, 
New Jersey 08876. 

R Oil Solid 
State 

products that make products pay off 

. .-- ---------- 
.. 

Technical Manuals 
Linear Integrated Circuits IC-42 $2.50 

- SSD -201 $2.50 COS /MOS Integrated Circuits Manual.. CMS -270 $2.50 
High-Speed, High-Voltage, High -Current 

550 -202 $1.50 Power Transistors PM-81 $2.00 
SSD -203 $3.00 RF Power Transistor Manual RFM-430 $2.50 

Transistor, Thyristor, & Diode Manuel ... SC -15 $2.50 
550-204 $2.00 Solid-State Hobby Circuits Manuel HM -91 $1.95 

SS-205 52.00 Solid-State Power Circuit 
(Designer's Handbook) SP -52 $7.50 

S5D -206 $2.00 
$13.00 

I DATABOOKS 
Linear Integrated Circuit and MOS 

UDevices (Data and Select vn Guide) .. 
Linear Integrated Circuits and MOS 
Devices (Application Noees) I COS /MOS Digital Integrated Circuits 
Power Transistors and Power Hybrid 

I Circuits 
RF Power Devices 

Rectifiers and Other Thyristors, 
IDevices 
All six DATABOOKS t Compleee library of six DATABOOKS and seven 

technical rttsnuals $34.45 

1 Gentlemen: 
Please send books as indicated orl this coupon. Check, money order, or purchase 
order enclosed. Payable to FCA Corporation, 

I Name 

IAddress 

( ity 

I State Zip 

IPayment by: Check ; Money Order : Purchase Order . RE 
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Train on this 
315 sq. in. 

picture 
color TV 

and get the 
skills that 

mean a 
high -paying 

career! 

For a solid future... 
NTS Home Training makes 
tomorrow's electronics happen- today! 

Now included in two 
exciting NTS color TV courses, 
this set is the largest, most ad- 
vanced color television made. 
Guided by the NTS "Lab- Project 
Method" of combining profes- 
sional kits and easy -to- follow 
lessons, you build this color TV 
step by step - learning TV Serv- 
icing as you go! NTS has suc- 
cessfully trained thousands of 
men at home for rewarding 
careers as electronics techni- 
cians. Prepare for the great 
opportunity fields of TV -Radio 
Servicing, Computers, Communi- 
cations, and Automation. 

This solid -state color set 
contains: 45 transistors, 55 di- 
odes, 2 silicon controlled recti- 
fiers, and 4 advanced Integrated 
Circuits representing an addi- 
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tional 46 transistors and 21 di- 
odes. The first solid -state color 
TV this large - yours to keep! It 
features Automatic Fine Tuning; 
"Instant On "; an Ultra- Rectangu- 
lar Screen (25 in. diagonal meas- 
urement) that lets you see the 
complete transmitted image for 
the first time -a full 315 square 
inches; exclusive built -in Self 
Servicing features which elimi- 
nate the need to buy costly test 
equipment; exclusive design 
Solid -State VHF Tuner with an 
MOS Field Effect Transistor; 3- 
stage Solid -State IF; Automatic 
Chroma Control; Adjustable 
Noise Limiting and Gate Auto- 
matic Gain Control; High Resolu- 
tion Circuitry; Matrix Picture 
Tube; and a specially formulated 
Etched Face Plate that eliminates 
unwanted glare, and heightens 
contrast. Colors are more vivid, 

fresh tones more natural, and the 
picture is sharper than ever be- 
fore. By training on this unique 
color TV, you'll gain the most 
up -to -date skills possible in TV 
Servicing! 

Other valuable equipment you 
build and keep includes an AM 
SW Radio, Solid -State Radio, 
FET Volt- Ohmmeter, and Elec- 
tronic -Tube Tester. All included 
in your tuition. You learn trouble- 
shooting, hi -fi, multiplex sys- 
tems, stereo, and color TV 
servicing. Step right into a tech- 
nician's job at top pay or open a 
business of your own! For com- 
plete details on all NTS elec- 
tronics courses, mail the coupon 
today for the full -color NTS Cat- 
alog. No obligation. No salesman 
will call. 
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Build this set 
and learn 
solid -state 
circuitry- the 
electronics 
of today! 

train on solid-state 
NTS ELECTRONICS & 
COMPUTER TECHNOLOGY 

Build this exclusive NTS Compu- 
Trainer! Loaded with integrated cir- 
cuits, it shows you the how, what, 
and why of computers. Learn this 
exciting field faster, more thorough- 
ly. You also assemble and learn to 
operate an FET 
Volt- Ohmmeter 
and 5" 
wide band 
Oscillo- 
scope. 

NTS BLACK & WHITE 
TV AND RADIO SERVICING 

Learn all phases of television, radio, 
stereo, and hi -fi. You receive this 74 
sq. in. picture Solid -State B &W TV, 
Lo -Sílho "Superhet" Radio, FET 
Volt- Ohmmeter, Solid -State Radio, 
Electronic Tube Checker, and Signal 
Generator. 
Start 
earning 
extra 
money 
even be- 
fore you 
complete 
the 
course! 

NTS ELECTRONICS 
COMMUNICATIONS & F.C.C. 

Gain the security and prestige of 
owning an F.C.C. First Class Radio - 
Telephone License! Two compre- 
hensive NTS courses cover the big 
opportunity field of transmitting and 
receiving. You build 14 kits, includ- 
ing a 5 watt AM Transceiver, 6 
Transistor Pocket Radio, and FET 
Volt- Ohmmeter. 
Learn 2 -way 
radio, Citizens 
Band, micro- 
waves and 
radar. 

. .. .. ,,.,. 

NTS INDUSTRIAL & 
AUTOMATION ELECTRONICS 

Automation is the future of industry 
and you can play an important part! 
Learn industrial controls by training 
on the NTS Electro -Lab - a com- 
plete workshop. You also build and 
operate this 5" wide band Oscillo- 
scope. And you 
perform experiments 
that involve 
regulating motor 
speeds, temperature. 
pressure, liquid 
level, and much 
more. 

Classroom Training 
at Los Angeles. You can take classroom 
training at Los Angeles in sunny South- 
ern California. NTS occupies a city block 
with over a million dollars In technical 
facilities. Check box In coupon. 

APPROVED FOR VETERANS 
Accredited Member: National Associ- 
ation of Trade & Technical Schools; 
National Home Study Council. 

NATIONAL TECHNICAL SCHOOLS 
WORLD -WIDE TRAINING SINCE 1905 

4000 South Figueroa Street, Los Angeles, Calif. 90037 

r 
Please rush Free 
Color Catalog and 
Sample Lesson, plus 
Information on course 
checked below. No 
obligation. No sales- 
man will call. 
National Technical Schools 
4000 S. Figueroa St. 
Los Angeles, Calif. 90037 

Master Course in Color TV Servicing 
Color TV Servicing (For Advanced 
Technicians) 
Master Course in B &W TV & Radio 
Servicing 
Master Course in Electronic 
Communication 
Practical Radio Servicing 
FCC License Course 
Master Course in Electronics 
Technology 
Industrial and Automation Electronics 
Computer Electronics 
Basic Electronics 
High School at Home Dept. 206 -062 

L 

Nts GUIDE 

EL[CTRONICS 

CE7 

Name Age 

Address 

City State Zip 
T] Chut, It interested In Veteran Training under new G I. Bill. [ Chece if interested only in Classroom Training at Loa Angeles 
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LETTERS 

(continued from puge 16) 

carrier together with the normal audio on 
the disc. This means that the discrete disc 
has its signal -to -noise ratio drastically re- 
duced in comparison with the normal ste- 
reophonic, or the matrixed quadraphonic 
disc. How much is "drastically ?" 

In a paper given by John Eargle, then 
of RCA Records, at the 36th convention of 
the Audio -Engineering Society, it was 
shown that the stero disc is capable of 
better than 70 dB signal -to -noise ratio. 
The Electro- Voice, CBS, Sansui and other 
matrixed records contain no subcarriers, 
and are identical to normal stereo records 
in s/n -they are capable of better than 70 
dB, rather than the 50 of the discrete 
record. 

How important is this? If "sound re- 
production" means, in fact, reproducing 
as nearly as possible the live event, what 
kind of dynamic range do we really need 
to do this effectively? Well, today's profes- 
sional tape recorder, used in mastering all 
recordings on the market starts out with a 

signal -to -noise ratio of about 60 to 65 dB. 
For recordings where quality is really 

important, the Dolby or other noise reduc- 
tion system is used to effectively extend 
this by another 10 dB, resulting in a dra- 
matic audible improvement. In other 
words, for top quality recordings, 60 dB or 

so is not considered quite good enough. 
Interestingly, then, given a good pressing, 
it is not the disc, but the master tape 
recorder which limits the recording's ulti- 
mate dynamic range. 

A quality disc, then, stereo or matrix 
4- channel, has at least 70 dB signal -to- 
noise. The discrete disc limits it to 50 dB. I 

think we should use great caution in de- 
scribing as "the ultimate" a system which 
gives 20 dB less dynamic range than other 
systems. The astute reader will think of 
"Dolbyizing" the discrete disc; however, 
this applies just as well to the matrixed 
disc, which has a head start of 20 dB of 
dynamic range. 

But, to return to the question of repro- 
ducing the acoustical space, or auditory 
environment of the original performance, 
consider this: The aim of "high fidelity" 
sound reproduction in its original sense is 

fidelity to reality; that is, to the original 
sound before it passed through the elec- 
tronic gadgetry involved in its recording 
and reproduction. The ideal is that the 
equipment itself become less and less au- 
dible, or, we might say, more and more 
transparent so that, ideally, it is the origi- 
nal sound, rather than the equipment that 
we hear. That means that the loudspeak- 
ers themselves appear to vanish, and in 

the ultimate realism possible through 
quadraphonics, all sounds appear to 
come from their original positions around 
us, whether at the location of a loud- 

speaker, or anywhere in between. The 
claimed advantage of discrete systems is 

total separation between speakers. This 
means, if we break an orchestra into four 
discrete groups -four piles of musicians, 
one in each corner of the room, there will 
be absolutely no blending between the 
four isolated groups of instruments. This 
corresponds to nothing in real life -our 
awareness is of the four speakers, the 
equipment. Thus, the electronic gadgetry 
involved in sound reproduction is not, in 

this case, transparent, but rather the 
speakers themselves become the sound 
sources. 

To get this effect, which is purely an 
electronic one, not strictly speaking a 

function of sound reproduction as we've 
defined it with the aim of making the gad- 
getry vanish -to achieve this, is it worth 
sacrificing the best state -of- the -art stan- 
dards of signal quality, including dynamic 
range, frequency response, low distortion 
and peak level capability? All these signal 
quality considerations are handled with as 
good a quality as the best stereo record- 
ings only in the matrixed disc. 

Is it worth sacrificing the ability for 
practical quadraphonic broadcast, and 
playback on the vast majority of existing 
stereo equipment? These are possible 
only with the matrix recording. 
PETER SCHEIBER 

Advantage Sound Studios 
New York, N. Y. 

1971 
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Another vintage year 
for the both of us. 

1971 was a very good year. And 1972 already tastes even 
better. The truth is every year's a vintage year for you, 
the independent serviceman, and Raytheon, the largest 

independent tube supplier in the business. Last year, 
while a lot of other suppliers were running behind, 

even dropping out of the race, the two of us had another 
great year. We've come a long way together. 
And like a good wine, we keep getting better. 

That's because Raytheon works so well with you. 
And never works without you. That's the kind of thing 

that makes for a very good year for both of us. Year after year. 

Circle 10 on reader service card 
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Why RCA XL -100's can be a quick fix: 

RCA XL -100's are 100% solid state, 
with 12 plug -in, solid state AccuCircuit 
modules -like the ceramic kine drive amplifier 
you see above. 

Since each of the 12 modules performs specific func- 
tions, diagnosis of the trouble is usually quick and easy Mast 
malfunctions can be fixed right in the home. That's bound to please 
your customer. 

So when it comes to servicing RCA solid state color, XL -100's lei 
you make more house calls -in a lot less time! 

And you won't waste so much time hauling sets back and forth to 
the shop. 

Something else: Whether you're servicing an XL -100 console, 
table model or portable, most modules are interchangeable, func- 
tion for function. That will make your life easier, and you won't have 
to worry about stocking a large parts inventory, 

RCA XL -100. It's already got a great reputation. 
It could even add to yours. 

ncn 
Circle II on reader service card 

XL-100 
10396 Solid Stole AccuCobr 
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THE FIRST 
CROWN 

PREAMPLIFIER 

What would happen to a preamplifier 
design, if the design engineer could free 
himself from stereotyped ideas and start 
fresh with only a list of customers' re- 
quests? Well, at CROWN that has just hap- 
pened, and the result is the IC150, an 
exciting "new concept" control center with 
simplified circuitry, controls that are easy 
to understand and use, several exclusive 
features, unsurpassed quality, and - to top 
it all off - a lower price tag. 

Crown Engineers discovered that pre - 
amp switches don't need to pop . . . that 
there is something better than the stereo 
mode switch . . . that the phono preamp 
can be dramatically improved . . . and, 
that by using IC's, a versatile high -qual- 
ity, advanced -performance preamplifier 
can be priced to beat inflation. 

Of course, the true uniqueness of such 
an innovative design cannot be appreciated 
by reading about it. The only answer is 
to experience the IC150 yourself. Let us 
tell you where Crown's "new concept" is 
being introduced in your area. Write today 
for a list of locations. 

Worlds quietest phono preamp 
Infinitely variable stereo panorama control 
Silent switching and automatic muting 

at turn -on and turn -off 
Integrated circuit modules 
Industry's lowest distortion levels 
Full range tone and loudness controls 
Guaranteed phase response 
3 -year parts and labor warranty 
Will drive any amplifier 
$269, walnut enclosure $33 

Ask your dealer also about Crown s new com- 
panion D150 power amplifier, which delivers 200 
watts IHF output at 8 ohms or 350 watts at 4 ohms. 
No amp in this power range - however expensive - 

has better frequency response or lower hum, 
noise or distortion. It offers performance equal 
to the famous DC300, but at medium power and 
price. It's worth listening into! 

Exported as 

Ah1CRON 

BOX 1000. ELKHART,INDIANA46514, U.S.A. 
Circle 12 on reader service card 
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appliance clinic 

TVI FROM HOME APPLIANCES 

by JACK DARR 
SERVICE EDITOR 

FORMULA FOR A DOMESTIC CATAS- 
trophe: Pop in living -room watching 
the evening news. Mom in kitchen de- 
cides to make up a batch of slaw in the 
blender. Or daughter decides to dry her 
hair with her new drier. Or son decides 
to finish his hair -do. Result; machinery 
starts. and there is a loud roar from the 
alleged head of the family: "Turn that 
thing of! it's tearin' up my TV!" 

In other words, one of these useful 
household gadgets has decided to be- 
come a miniature broadcasting station. 
radiating assorted rf interference like 
mad. (TVI, for short.) Let's see what to 
do about it, to restore peace to the 
home. 

Practically all appliances that cause 
TVI use small. high- torque "brush - 
type" motors. A few use "buzzer- type" 
contacts. Either of these cause tiny arcs, 
and the resulting hash contains noise 
components in every common fre- 
quency- band -AM, FM. TV, you name 
it. 

There are two ways of reducing or 
eliminating this noise. The first is to re- 
duce the amplitude of the arcing at 
brushes or contacts. Clean up the cotn- 
mutator, if it is dark and pitted. Check 
the brushes for length; if they're worn 
so that the springs do not have enough 
tension to hold them tightly against the 
commutator, the arcing is much worse. 
The end of a good brush is smooth and 
shiny. 

A commutator can be cleaned, if 
you can get at it, by cutting a thin strip 
of fine sandpaper, wrapping it over the 
end of a small stick, and holding it 
against the commutator while it's run- 
ning. DON'T use emery- cloth. The 
abrasive material is conductive. and will 
get into the motor. For most small mo- 
tors, the standard "nail- boards" (sand- 
paper coating on stiff cardboard, avail- 
able in the manicure section of drug- 
stores) are very handy. They can be cut 
into thin strips, small enough to get into 
even very small commutators. Check to 
see that the brushes are not sticking in 
their holders and be sure that the 
springs have enough tension. If brushes 
bounce, this makes the arcing worse. If 
you can't reduce the arcing, and you see 

the "ring of fire" all the way around the 

commutator as it runs. the armature is 
apt to be defective. The only cure is to 
replace the motor. 

The second method is filtering. 
This means providing an easy path for 
the noise to get to ground, or keep it in- 
side the case of the unit. Fig. I shows 

AC LINE 

Fig. 1 

the general idea. This noise is mostly 
very high frequency hash. We make use 
of the basic property of a capacitor -it 
will pass ac but block dc. and low fre- 
quencies. So we connect a bypass ca- 
pacitor from the noise -source to a 
ground. This provides a very low -im- 
pedance path for the noise, but has no 
perceptible effect on the 60-Hz ac line 
voltage. 

In older appliances, with metal 
cases. the filter capacitor can be con- 
nected from the brush to the frame of 
the motor. One capacitor should be 
connected from each brush to the 
frame. If the unit has one of the 3 -wire 
line cords, with the separate external 
ground lead (the green one), filters 
could be connected from the brush to 
this wire, which is an external ground. 

In the bigger units. space won't be 
too much of a problem. You'll be able 
to put the filter capacitors on the end of 
the motor, and tuck them away tightly. 
In some of the more compact types, 
with plastic cases, you won't have too 
much room. However, you can get disc 
capacitors now up to 0.05 -11F, that are 
small enough to tuck away inside of the 
smaller ones. Be sure to insulate the 
leads well. Use a good grade of braid or 
glass fiber spaghetti (NOT a thermo- 
plastic tubing, that will melt if the case 
gets too hot!) 

For I17 -volt circuits, use capacitors 
with a minimum voltage rating of 200 
volts. 600 -volt types are better if you 
can get them in. For subminiature 
types, using dc motors and low voltages, 

(continued on page 94) 
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Our ECG 102A transistor replaces... 
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and hundreds more. 
The 102A is only one big part of 

our very small line. 
Just 124 Sylvania ECG semicon- 

ductor parts will replace over 41,000 
manufacturer's part numbers and 
JEDEC types. 

Our new ECG semiconductor re- 
placement guide makes it easy for 
you to find out exactly which one of 
ours is the one you need. 

With our guide and our 124 re- 
placements, you can service prac- 
tically any solid -state entertainment 
product on the market. 

No more lugging sets back to the 
shop because you couldn't carry all 
the parts you needed. 

With Sylvania's 124 semiconduc- 
tors you can handle almost all of 
your repair jobs right in your cus- 
tomer's home. 

Stock up on Sylvania ECG semi- 
conductors now. 

It's just another small thing from 
GTE Sylvania that can take a big 
load off your back. 
Sylvania Electronic Components, 
Waltham, Mass. 02154 

co SYLVANIA 
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CAR -TAPE equipment 
REPAIR r 

4-1t+i" 
L ELECTRONICS, INC. 

NOW OFFERS SAME 

DAY DELIVERY ON CAR 

TAPES OR TAPE DECKS 

riff 

ONLY 

$995 
Dealer net 
+ major parts 
and shipping 

PTS ELECTRONICS, INC. is No. 1 in CAR 

TAPE PLAYER Servicing. With six strategically 
located service centers you can have your tape 

player back the next day. No need to turn 

down valuable business. 

CASSETTE OR 8 TRACK 

ALL MAKES 

SCIENTIFICALLY CLEANED AND 

LUBRICATED 

EACH TRACK CHECKED 

FACTORY TRAINED PERSONNEL 

ACTUAL LIVE PERFORMANCE CHECK 

LARGEST STOCK OF REPLACEMENT 

PARTS AVAILABLE 

90 DAYS WARRANTY 

We're authorized Service Stations 
for almost all Tape- Deck -Manufac- 
turers. 
ALSO: 
PTS is overhauling more tuners for more technicians 
than any other tuner company in the world! 

For fastest service, send faulty tuner 
with tubes, shields and all broken 

rat o parts to: 

?U\ ELECTRONICS, INC. 

"a toue Moledale S&rwice ", 

Box 272 
Bloomington, Ind. 47401 

Tel. 812-824-9331 

Box 41354 
Sacramento, Calif. 95841 

Tel. 916 -482 -6220 

Box 7332 
Longview, Tex. 75601 

Tel. 214-753-4334 

Box 6881 
Jacksonville, Fla. 32205 

Tel. 904- 389 -9952 

Box 3189 
Springfield, Mass. 01103 

Tel. 413-734-2737 
Box 4245 

Denver, Colo. 80204 
Tel. 303-244-2818 

HOME OFFICE - 
WEST COAST - 
SOUTHWEST - 
SOUTHEAST - 
EAST - 
MOUNTAIN - 

Circle 13 on reader service card 
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Heathkit 10 -103 
Triggered -sweep scope 

Circle 100 on reader service card 

THE HEATH COMPANY HAS INTRODUCED 
a variety of new oscilloscopes in the last 
year. The IO -103 Triggered Sweep 
Scope is the latest addition. Priced with 
the service scopes, its impressive specifi- 
cations make it equally useful for lab 
work. 

The vertical amplifier has a re- 
sponse from dc to IO MHz, with a rise 
time of less than 50 ns, and a calibrated, 
compensated vertical attenuator, so you 
can read the important peak -to -peak 
voltage of any waveform at a glance. A 
continuously variable vertical gain con- 
trol lets you adjust the waveform height 
if needed. To return to the CAL(ibrated) 
setting, just turn this fully clockwise. 

Horizontal sweep has a sensitivity 
of 0.25 V /cm, and a step switch for se- 
lecting any sweep -speed from 100 
ms /cm to 100 ns /cm. The HORIZONTAL 
control also has a variable section, for 
adjusting the display so that you can see 
as many cycles as you want. 

Most useful of all, the IO -103 has a 
full triggered sweep. For those who 
have never used one, it enables instant 
locking of any pattern you want to see. 
This can speed up servicing consid- 
erably. For example, setting the hori- 
zontal sweep to the 10 -µs /cm position, 
you'll see 1.5 lines of horizontal sweep 
from the TV set, locked firmly in place. 
The only requirement is that you have a 

signal on the vertical input that will give 
you a minimum of 1.0 cm height on the 
screen. 

This has two positions, AUTO and 
NoRM(al). The sweep is triggered in 
both positions. Setting to AUTO locks the 
pattern automatically. In NORM, you 
can adjust both trigger level and stabil- 
ity of the pattern. Switches allow select- 
ing either + or - going parts of the 
waveform, ac or dc triggering, as well as 
INTERNAL or EXTERNAL triggering. (In- 
cidentally, I treated myself to an exhibi- 
tion of this feature, while checking out 
the IO -103 on a small stereo amplifier, 
cith a test tape. The tape had an audio 

sweep signal, continuously varying from 
8500 to 40 Hz. I was watching the out- 
put for distortion, and all of a sudden it 
dawned on me that this scope was stay- 
ing locked to this constantly- varying sig- 
nal! Fascinated, I ran it again; it did.) 

Input empedance of the vertical 
amplifier is I megohm shunted by 30 
pF, very close to a standard. A 10: I low - 
capacitance probe is available, with a 
trimmer to compensate for cable capac- 
ity, etc. The input can be either ac or dc, 
selected by a switch. 

Set alongside my old 5- inchers, the 
IO -103 looks small! It doesn't take up 
nearly as much room on the bench, al- 
though it has much more than twice the 
number of stages and functions. I tried 
to count the number of transistors in it, 
and gave up! FET's are used in the ver- 
tical input, for high impedance, and in 
the horizontal sync. An IC works in the 
trigger stages. 

The 10-103 can be used with sweep 
generators, for alignment work. Just 
turn the TIME /CM switch to EXT tN. The 
variable horizontal sweep control then 
becomes a plain horizontal gain control. 

For viewing different parts of a 
waveform, there is a 2x MULTIPLIER 
control. on the horizontal position con- 
trol. Just pull out on the knob, and the 
waveform doubles in horizontal size, 
while remaining firmly locked. 

This is a superior service in- 
strument. The tremendous bandwidth 
of the vertical amplifiers will show you 
details of waveforms that simply aren't 
visible on many older scopes, and the 
triggered sweep will pin 'em down 
while you look! R -E 
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Introducing the 
expensive curve 
tracer that doesn't 
cost a lot. 

The B &K Model 501A. 
It's a lab- quality instrument that provides fast analysis of all 

semiconductors including J- FET's, MOS- FET's, signal and power bipolar 
transistors, SCR's, UJT's and diodes. 

You can test transistors in circuit for GO /NO GO condition. Badly 
distorted curves will indicate the stage where a defective transistor or 
other faulty component exists. 

The 501A is complete -with scope graticule and FP -3 probe 
for fast, one- handed in- circuit testing. It generates true current and voltage 
steps, with 3% accuracy, for measuring beta at all current levels. 
And it has a sweep up to 100 volts and 
100 milliamperes. 

With the 501A, curves are 
displayed on an auxiliary scope screen. 
And you can hook it up to any scope - 
old or new. 

All three controls can be set in 
quick -test positions to test and evaluate 
90% of all solid -state devices without 
manufacturer's data sheets. 

The 501A won't burn out either 
the semiconductors or itself. 

With all these features, you'd 
think the 501A was an expensive 
curve tracer. But look at the price. 

For complete technical 
data, call your B &K distributor. 
Or write Dynascan Corporation. 

Very good equipment 
at a very good price. 

Product of Dynascan Corporation 
1801 West Belle Plaine Avenue, Chicago, Illinois 60613 

129.95 

Circle 14 on reader service card 
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Join "THE TROUBLESHOOTERS" 
They get paid top salaries 

for keeping today's 
electronic world running 

Suddenly the whole world is 
going electronic! And behind the 
microwave towers, push - button 

phones, computers, mobile radio, 
television equipment, guided 

missiles, etc., stand 
THE TROUBLESHOOTERS 

- the men needed to inspect, 
install, and service these 

modern miracles. They enjoy 
their work, and get well paid 

for it. Here's how you can 
join their privileged ranks - 

without having to quit your job 
or go to college in order 

to get the necessary training. 
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Just think how much in demand you would be if you 
could prevent a TV station from going off the air by 
repairing a transmitter ... keep a whole assembly line 
moving by fixing automated production controls ... pre- 
vent a bank, an airline, or your government from making 
serious mistakes by servicing a computer. 

Today, whole industries depend on Electronics. When 
breakdowns or emergencies occur, someone has got to 
move in, take over, and keep things running. That calls 
for one of a new breed of technicians - The Trouble- 
shooters. 

Because they prevent expensive mistakes or delays, 
they get top pay - and a title to match. At Xerox and 
Philco, they're called Technical Representatives. At IBM 
they're Customer Engineers. In radio or TV, they're the 
Broadcast Engineers. 

What do you need to break into the ranks of The 
Troubleshooters? You might think you need a college 
degree, but you don't. What you need is know- how -the 
kind a good TV service technician has -only lots more. 

Learn at Home ... In Your Spare Time 
As one of The Troubleshooters, you'll have to be ready 
to tackle a wide variety of electronic problems. You may 
not be able to dismantle what you're working on - you 
must be able to take it apart "in your head." You'll have 
to know enough Electronics to understand the engineer- 
ing specs, read the wiring diagrams, and calculate how 
the circuits should test at any given point. 

Learning all this can be much simpler than you think. 
In fact, you can master it without setting foot in a class- 
room ... and without giving up your job ! 

For over 37 years, the Cleveland Institute of Electronics 
has specialized in teaching Electronics at home. We've 
developed special techniques that make learning easy, 
even if you've had trouble studying before. Our AUTO - 
PROGRAMMED® Lessons build your knowledge as 
easily and solidly as you'd build a brick wall - one brick 
at a time. And our instruction is personal. Your teacher 
not only grades your work, he analyzes it to make sure 
you are thinking correctly. And he returns it the same 
day it is received, while everything is fresh in your mind. 

The Science of the Seventies 
To keep up with the latest developments, our courses are 
constantly being revised. CIE students receive lessons 
in Field Effect Transistors, Digital Switching Units, 
Microwave Systems, Lasers, Binary Coding and Com- 
puter Arithmetic. 

In addition, CIE offers an exciting Electronics Tech- 
nology with Laboratory course that includes 161 space- 

Learn By Doing... 
Electronics Technology 
with Laboratory Course 
teaches you the funda- 
mentals. Using space -age 
components and testing 
techniques you will apply 
the principles you learn 
... actually analyze and 
troubleshoot modern 
electronics equipment. 

age components to let you perform 242 fascinating 
electronics experiments. You learn the "how" as well as 
the "why" of Electronics . .. the Science of the Seventies. 
Many leading companies use CIE courses to train their 
own employees who are working on the latest electronic 
equipment. 

Get an FCC License - or Your Money Back ! 

Two -way mobile work and many other types of trouble- 
shooting call for a Government FCC License, and our 
training is designed to get it for you. But even if your 
work doesn't require a license, it's a good idea to get one. 
Your FCC License will be accepted anywhere as proof 
of good electronics training. 

And it's not easy to get because the Government 
licensing exam is tough. But our training is so effective 
that better than 9 out of 10 CIE graduates pass the FCC 
exam. That's why we can offer this famous Money -Back 
Warranty: when you complete any CIE course which 
provides FCC License preparation, you'll get your FCC 
License or a full refund of all tuition paid. This warranty 
is valid during the entire completion period established 
for the course selected. You get your FCC License - 
or your money back! 

Mail Card for 2 Free Books 
Want to know more? Send for our illustrated school 
catalog describing our courses and the latest oppor- 
tunities in Electronics. We'll send a special book on how 
to get a Government FCC License. Both are free - just 
mail the bound -in postpaid card. If card is missing, use 
coupon below. 

APPROVED UNDER NEW G.I. BILL 
All CIE career courses are approved for full tuition 
refund under the new G.I. Bill. If you served on active 
duty since January 31, 1955, or are in service now with 
more than 180 days of active duty, check box on reply 
card or coupon for G.I. Bill information. 

CIECleveland Institute 
of Electronics 

1776 East 17th Street, Cleveland. Ohio 44114 
Accredited Member National Home Study Council 
r- Cleveland Institute of Electronics 

1776 East 17th Street, Cleveland, Ohio 44114 
Please send me without cost or obligation. 

1. Your illustrated book, "Succeed in Electronics" describing the 
job opportunities in Electronics today, and how your courses can 
prepare me for them. 

2. Your book on "How To Get A Commercial FCC License.'' 

I am especially interested in: 

Electronics Broadcast First Class 
Technology Engineering FCC License 

Electronic Industrial Electronics 
Communications Electronics Engineering 

Electronics Technology with Laboratory 

Name 
(PLEASE PRINT) 

Address 

City State Zip 

Veterans and Servicemen: 
Check here for G.I. Bill information. RE -04 

Circle 15 on reader service card 
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RCA 
antennas- 
your answer 
for the 
2 toughest 
questions 
you get. 
1. " How do I get a better picture ?" 
2." What does it cost ?" 
With RCA in your inventory, you'll never 
have to turn down a sale because you 
don't have the right image -improver. 
RCA has everything for every reception 
problem -a complete line of outdoor 
antennas, rotators, reception aids and 
hardware. Each RCA product is a 
precision engineered, top quality 
performer in its class. All carry the RCA 
name that your customers know they 
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can depend on. And the complete array 
of models gives you a full range 
of prices to bargain from, too. 
Next time you get a tough question 
from a customer, make sure you have 
RCA on hand to answer it for you. 
See your RCA Parts and Accessories 
distributor today, or 
contact RCA Parts and 
Accessories, Deptford, N.J. RCA 

Circle 16 on reader service card 
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SOUND IMAGE 

and 4- Channel stereo 

The Sansui matrix makes it 

possible to put four -channels 
of information on any two - 

channel medium. Here's the 

story that tells how this and 
other matrix systems work 

SEVERAL DIFFERENT MATRIX SYSTEMS 

are in use today to make it possible to 
take four -channel sound, combine it 
onto a two -channel medium -records or 
FM stereo -and play it back as four 
channels. This is called 4-2 -4 coding. 
Such systems have been announced by 
several manufacturers. These include 
the CBS SQ, Electro- Voice, Pioneer and 
Sansui QS. This article will show in de- 
tail how the Sansui matrix operates. At 
the same time it outlines the basic prin- 
ciples of all matrix systems used for 
four -channel reproduction. 

Suppose that there are eight sound 
sources in a live sound field. Then sup- 
pose four microphones are picking up 
the direct and indirect sounds. Such a 
coding system, then, involves encoding 
the four channels of signal picked up 
into two channels through a matrix en- 
coder, transmitting them to the desired 
place, processing them through a matrix 
decoder for conversion back to four 
channels and finally projecting the re- 
sulting sound waves from four speaker 
systems into a common space to realize 
a sound -field effect (see Fig. 1 above). 

To put this simply, it is a technique 

to encode sound images and the con- 
current effect of indirect sounds in the 
live sound field into two channels on the 
recording end, and then converting 
these two channels back to four chan- 
nels on the receiving end to recreate the 
original sound images and accom- 
panying acoustic effect. 

The conventional two -channel 
stereo system only provides a mixture of 
the sense of sound movements along the 
line connecting the two speaker systems. 
In contrast, a coding system allows two 
channels of signals to provide an ap- 
proximate sense of sound movements in 
full 360- degree circle. In a live sound 
field, however, sound information ar- 
rives from a three -dimensional space, 
and we would need a system of three - 
dimensional coding to recreate such a 
sound field in its truly original state. 
Unfortunately, present technology only 
provides for two -dimensional coding 
through the use of two channels. 

Encoding and decoding 
By encoding, we mean lending cer- 

LF 

LR 

RR 

RF 

(ENCODER) 

tain phase differences to among four or 
more channels of information and then 
reducing them to two channels that can 
be reconverted to the original number 
of channels. By decoding, we mean re- 
storing the encoded signals to the origi- 
nal number of channels. 

The two processes can be explained 
with simple mathematical equations. If 
we call the left -front channel LF, the 
right -front channel RF, the left -rear 
channel LR, and the right -rear channel 
RR; these four channels of signal can 
be encoded into two channels -one left 
and one right by the circuit shown in 
Fig. 2 through these equations: 
A sample of encoding equations (en- 
coder outputs): 

L = LF + ARF + LR -.1RR 

R = RF + ALF + RR - .1LR 

(I) 

When fed to a decoding matrix, these 
two -channels of signal are converted to 
four signals to produce sound images as 
shown in the diagram of Fig. 3. 

(DECODER) 

2- CHANNEL 
TRANS- 
MISSION 

P.I. =PHASE INVERTER 
FIG. 2 -BLOCK DIAGRAM of a typical coding matrix circuit. 

L' F 

L'R 

R'R 

R'F 
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L'F = L + AR = LF( I + A2) + RF(2A) + LR(1-A2) 

R'F = R + AL = RF( I+ A2) + LF(2A) + RR( I- A2) 

L'R = L - AR = LR(I +A21-RR(2.1)+LF(I-.121 

R'R = R - AL = RR( I + A2) - LR(2A) + RF(1 

(2) 

There is one serious pitfall to watch 
out for here. In equations (1), (three 
other types of equations are possible to 
achieve encoding. but they are all basi- 
cally identical), if LR = RR = I. 

L = LF + ARF + LR - ARR = LF + AM" + ( I -A)' 
F1 

R=RF+ALF+RR-ALR=RF+ALF+(I-.\) 

As the reverse -phase components 
are cancelled inside the encoder, the re- 
sulting left and right- channel signals 
only contain four -channel signals that 
are in phase. This means that the rear - 
channel sound components would shift 
toward LF and RF in the decoder out- 
puts. This is an undesirable deviation 
resulting from the encoding. It should 
also be clear from the same equations 
that the same undesirable phenomenon 
occurs if signals of identical strength 
and phase are fed to LF, RF, LR, and 
RR simultaneously. It seems that many 
four -channel encoders cannot avoid this 

L'F(1 + O2) 

+90° 

L'Ríl L7) 

L'F(1 -Y)!r- 

+90" 

L'R(1 +p2) 

a 

R'F 
(20) 

R'R 
(0) 

R'F ß (0) 

R'R 
(2h) 

serious defect. 
Furthermore, equations (2) demon- 

strate that LR' and RR' are in com- 
pletely reverse phase with each other. 
This means that any musical in- 
struments located in the rear in a four - 
channel program source would sound 
unnatural and unclear as would any re- 
verse -phase signals. A new technique is 

needed to overcome these defects. 

QS coding system 
The QS coding system is a four - 

channel coding system developed by 
Sansui. A block diagram of this system 
is shown in Fig. 4. 

On the encoder side, note that the 
180- degree phase- inverting circuit usu- 
ally used to produce reverse -phase com- 
ponents is no longer employed. Instead 
channels LR and RR are phase shifted 
by +90 degrees and -90 degrees respec- 
tively, to get a 180 -degree reverse -phase 
relationship between them. 

This puts the four encoded chan- 
nels in an ideal phase relationship as 
shown in Fig. 5 -a. Signals are no longer 
cancelled inside the encoder, and any 
information from anywhere in the origi- 
nal sound field can be faithfully en- 
coded. 

On the decoder side, channels LR 
and RR are phase- shifted in a manner 

L'F 
(20) 

L'R 
(o) 

L'(0) F 

9' 

L'R 
(20) 

(1 +A2)R'F 

b 

-90° 

(1 - 6,2)R'R 

(1 - 021R'F 

d 
FIG. 3- SOUND -IMAGE POSITIONS in the tour channels when a matrix is used. 

(2 CHANNEL TRANSMISSION) 

FIG. 4 -BLOCK DIAGRAM showing Sansul OS- coding matrix system. 
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L' F 

L' R 

R'R 

R' F 

contrary to the encoder; namely, chan- 
nel LR by -90 degrees and channel RR 
by plus 90 degrees to place the matrixed 
reversed -phase signals in the two rear 
channels in -phase with each other as in 
Fig. 5 -b. 

Thus, the Sansui coding process is 
expressed by these equations. 
Encoder outputs are: 
L= LF +ARF +LR( / +90 °) +ARR( / +90 °) 

R + RF + ALF - RR(/ - 90') -A LR( /_90° ) 

Decoder outputs are: 

L'F=L+AR 

= LF(1 + A2) + RF(2A) + LR( -A 2 ) ( / + 9 0 

R'F = R + AL 

=RF(I +AZ)+LF(2A)+ RR( I =A2x/-90') 

L'R = (L - ARX/i90°) 

= LR(I + A2) + RR(2A) + FL(I -.f2)(/_90 ) 

R'R = (R - ALx/ + 90°) 

= RR(I + A2) + LR(2A) + FR(I -A2)(/ + 90 ) 

(3) 

(4) 

Advantages of QS coding 
The advantages of the QS coding 

system based on the Sansui 90- degree 
phase shifting are: 

1. It permits all present two -chan- 
nel recording and reproducing media to 
continue to be used. 

0° 

+90s 

-90° 

180° 

b 

-90° 

+90° 

FIG. 5 -PHASE RELATIONSHIPS among the 

four channels when the matrix is used. a -En- 
coder output. b- Decoder output. 
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L + R 

L R 

a 

d 

b 

L R 

e 

LR RR LR RR 
h 

L + R 

L + R 

L 

c 

R 

f 

L - R 

FIG. 6- VALUES APPLIED TO DECODERS of various manufacturers. a -Basic pattern (0--A 1). b- 
When A = 0: conventional two -channel stereo. c -When A = 1: mono image of direct sound at front 
center and mono indirect sounds at rear center. d -A = 0.414 as used In Sansui, and Scheiber sys- 
tems. e-front A = 0, rear A = 1. f -front A = 0, rear `..\ = 0.5; Dynaco II system, g -front A = 0, rear A 

= 0.717. h -front A = 0.18, rear A = 0.7; Electro-Voice system. I -front A = 0 or 0.4 (selectable), rear 
A = 0.5. 1 -front A = 1, rear A = 0; Dynaco system or speaker matrix. 

ENCODER ENCODER 

LF _ -- RF 

DECODER 
DECODER 

ENCODER 
LF + RF 

L' F 

L 

DECODER 

R 

RR 

L'R + R'R 
C. 

R'F 

R 

FIG. 8- SIGNIFICANCE OF VALUE. a -A = 0.414. b -front 0 <A <0.414, rear 1 >A >O.414. c -front 
0 <A<O.414, rear A = 1. 

1 - 2 O 

L'R R'R 
FIG. 7- QUANTITY OF LEFT -FRONT (LF) signal 
blended in three channels. 

2. It overcomes what was pre- 
viously considered an essential weak- 
ness of all matrix systems -the deviation 
and loss of sound images in their coding 
process. 

3. It does not impair the original 
sound volume or tonal quality and is 
completely compatible with two -chan- 
nel stereo and mono. 

How to select the value of 
The value of . now varies from 

one manufacturer to another and repre- 
sents the major difference between cod- 
ing systems. Sansui's analysis of them is 
shown in Fig. 6. As shown it is set at 
0.414 in the Sansui system. This delivers 
several important results. 

If a 1 -volt signal is fed to LF, the 
final decoder outputs in the four chan- 
nels are: 

LT' = (1 + Y') x IV = 1.17I3V 

R'F = 2.1 x IV = 0.828V 

L'R = (1 -A2) x IV = 0.828V 

R'R = OV 

The signal fed to LF is thus accu- 
rately positioned in the direction of LF' 
(see Fig. 7), clearly demonstrating that 
0.414 is a value that enables the decoder 
to reproduce a precisely square sound 
field with idential separation between 
adjacent channels. 

If the value of is greater than 
0.414, the signal ordinarily produced in 
channel LF would be heard to the right 
of its original position; and if smaller, 
to the left of its original position. 

When determining the value of A, 

it is imperative that is it kept identical 
in both the encoder and decoder to lend 
correct directions of sounds. Figure 8 il- 
lustrates how A values of the encoder 
and decoder have to be set. However, 
Fig. 8 is the only way to get uniform 
separation between the front and rear, 
left and right channels. R -E 
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speaker setups 
for 4- channel 
stereo listening 
ONE OF THE FIRST QUESTIONS ASKED 
by the proud owner of a new 4- channel 
stereo system is, "Where should I put 
the speakers ?" 

There is no easy answer to this ba- 
sic query. The problem is that there are 
several different speaker setups that can 
be used. Some, it is true, are tied to a 
specific 4-channel system, but many of 
them can be used with almost any sys- 
tem with equal success. 

The only way to determine the ar- 
rangement that is best for you is to try 
them all, and then use the one that pro- 
vides the results you find most listen - 
able in your home. 

Eight different speaker setups are 
illustrated on this page. Let's examine 
them one at a time. 

(a) This is perhaps the most con- 
ventional 4-channel speaker setup and 
it is used by many manufacturers. 

(b) Here is a variation of the setup 
shown in (a). It has the advantage of re- 
ducing the apparent level of the rear 
speakers. However, it does have a draw- 
back. If the signals coming from the 
rear speakers are 180° out -of -phase they 
will cancel, and therefore can cause 
problems with some matrix systems. 

(c) Here's a good compromise be- 
tween the setups of (a) and (b). It has 
the advantages of both arrangements 
yet reduces the signal cancellation. 

(d) Another variant that works 
well. The main problem here is that the 
listening area is restricted to a small sec- 
tion in the middle of the room. 

(e) In an ambience- retrieval sys- 
tem, (speaker matrix a- la- Dynaco) this 
is an excellent speaker arrangement. It 
places the listener out in the audience 
with the performers in front of him. 

(f) and (g) Are two approaches 
that seem to work best when listening to 
concerts. Both arrangements tend to 
give the orchestra depth, yet they permit 
the listener to sit in the audience rather 
than in the middle of the orchestra. 

(h) This is the speaker system 
setup that was recommended for use by 
Dynaco with their first ambience -re- 
trieval system. It is not practical to use 
with any matrix system because with 
this system there is no right -front or 
right -rear or left -front or left -rear. 

When using 4-channel increased 
spacing between the speakers seems to 
enhance the performance of the system. 
Don't be distressed if you've got a large 
room, want to put the speakers in the 
corners, but feel that they are too far 
apart. Instead, try it out. The results 
might be surprising. R -E 
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ELECTRONICS OUTDOORS 
CB- Marine- Stereo 

As Americans move outdoors a lot of electronic 

equipment goes outdoors with them. They use 

CB radios, play stereo tape decks, put radar 

in their boats, burglar alarms in their cars. 
Air 

Where people go, electronics goes to 

by LEO G. SANDS 

a -1 
MORE THAN EVER BEFORE, ELECTRONICS plays a big role out- 
doors for communications, security and entertainment. Thou- 
sands of motorists use CB radio daily to get route informa- 
tion, make hotel, motel and trailer parking space reservations, 
and to call for assistance. They play stereo tape cartridges or 
cassettes while driving. And, when they leave their cars, many 
take their portable television sets, radios and tape players 
with them. 

Boat owners use CB or vhf /FM marine radios for safety 
communications, and electronic depth sounders as a naviga- 
tional aid and to find fish, as well as radio direction finders. 
Owners of larger boats also use radar and /or loran for pilot- 
ing. And, while their occupants are enjoying the outdoors, 
homes are protected by electronic security systems. 

This ever- widening use of electronics outdoors means 
more business for those who sell, install and service these 
electronic devices. It also means that electronics technicians 
must learn about these devices and, in many cases, need new 
test equipment to service them properly. In addition to servic- 
ing portable and mobile electronic equipment, there is a 
growing need for technicians to service equipment at fixed lo- 
cations, such as roadside call boxes, intrusion alarms and 
CCTV systems including those using cameras that operate at 
extremely low light levels. 

One out of every 55 cars is already equipped with a CB 
transceiver, according to a General Motors Research Labs en- 
gineer, and it is anticipated that many more will be equipped 
this summer. A CB transceiver in a car can be used to com- 
municate with other cars (mobile units) and CB base stations 
at police barracks, gas stations, garages, homes and other 
fixed locations. 

Nearly all mobile CB transceivers are fully solid -state 
and operate only from a 12 -volt vehicular electrical system. 
Owners of cars with 6-volt electrical systems can now get a 
solid -state voltage converter that makes it possible to use a 
12 -volt mobile unit. Most CB units are factory- equipped with 
crystals for 23- channel operation. While the majority of CB 
transceivers are AM -only types, several SSB units are now on 
the market. They can be operated in either the AM or SSB 
mode. 

To extend communicating range, countless CBers (Citi- 
zens band operators) buy more efficient antennas. They also 
buy ignition noise suppression kits to reduce noise to a toler- 
able level. 

Since only very few CBers are legally -qualified to service 
their own equipment, they must look to a pro to match their 
transceivers to the antenna system and to keep them oper- 
ating. 
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Those motorists who need a telephone while on the road 
have installed or plan to install a "mobile telephone" so they 
can have MTS. IMTS or RCC service. An MTS (mobile tele- 
phone service) or IMTS (improved mobile telephone service) 
unit is used to obtain telephone service through the base sta- 
tion of an independent common carrier (not a telephone 
company). Both types can be used in populated areas any- 
where in the country. Both consist of an FM transmitter -re- 
ceiver, a control head and an antenna system. and are avail- 
able for the 150 -174 MHz or 450 -470 MHz band. The 
equipment can he owned or leased by the user. 

SERVICE- STATION ATTENDANT uses a CB radio to communicate with 
stranded motorists. 

In addition. many motorists are installing scanner -type 
FM communications monitor receivers to tune in radio trans- 
missions of police and fire departments as well as to National 
Weather Service broadcasts on 162.40 or 162.55 MHz. Such 
receivers are available in single -band 30-50 MHz, 150 -174 
MHz or 450 -470 MHz) or dual -band types. These receivers 
automatically scan several channels and lock in on an active 
channel. 

In some parts of the U.S. and Europe. emergency call 
boxes are located at frequent intervals alongside principal 
highways. Some are connected to a road service center 
through wire lines, but most contain a radio transmitter -re- 
ceiver. The call boxes being installed in West Germany by 
Standard Electric Lorenz (ITT) have an automatic lockout 
circuit that prevents a call box from transmitting when the ra- 
dio channel is in use. 

Communications on the water 
Until CB transceivers became available, boats operated 

on inland waters. Great Lakes and major rivers, could not use 
two -way radio for safety and navigations communications be- 
cause there was no one to talk to. Now, according to an FCC 
official, some 300,000 boats carry CB transceivers. A CB radio 
on board won't provide direct contact with the Coast Guard, 
but the user can summon aid through another CB station and 
can also communicate directly with other boats and. if the 
distance is not too great. with home. 

Installing a CB set on a boat is different from installing 
one in a car. Obviously, a 12 -volt dc power source is required. 
and so is an antenna system. But. an automotive type CB an- 
tenna can't he used unless it is mounted on a metal deck or a 

metal screen or plate attached to a wood or fiber glass deck. A 
special marine -type CB antenna, that does not require a 
ground plane. is normally used. 

Radio transmission range over water is considerably 
greater than over land in either the Citizens (27 -MHz) band 
or the vhf marine (156 -162 MHz) band. The more affluent 
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boat owner will install a vhf marine radio in addition to, or in 
lieu of a CB transceiver. It makes it possible for the boat 
owner to communicate directly with the Coast Guard (when 
within range), other boats and with Limited Coast Stations at 
locks, dams, waterway control points, yacht clubs and ma- 
rinas. It can also be used for telephone service through Public 
Coast Stations. 

Since the FCC has banned the installation of new AM 
marine radios that operate in the 2 -3 MHz band, there are 
many new FM marine radios for the vhf marine band avail- 
able. These radiotelephones are designed to operate on six or 
more channels and most can also receive one of the National 
Weather Service channels. 

Communicating range is limited mainly by the height of 
the antenna above the water. The antenna may be a ground - 
plane type with a radiator and ground radials about 18 inches 
long. A coaxial antenna or 5/s -wave antenna, that has no hori- 
zontal elements, is generally preferred and is usually mounted 
on the mast as high above the water as practical to deliver 
maximum range. 

Navigating and piloting 
Even the smallest boats can be equipped with an elec- 

tronic depth sounder that indicates the depth of the water. 
The more sensitive types also indicate the presence of fish 
and their distance below the hull. A depth sounder can 

DIGITAL DEPTH SOUNDER is a handy accessory for anyone's boat. Unit 
shown is Heathkit model MI -101. 

he used for navigating when water depth charts are avail- 
able. 

Although once considered a luxury, marine radar has be- 
come an essential piloting tool on boats that must operate 
when visibility is poor. Many can he powered by a 12 -volt 

A MARINE RADAR ON BOARD enables the skipper to pilot his vessel 
safely even when visibility is zero. 

electrical system. In addition to electric power, a basic re- 
quirement is space for the rotating radar antenna. 
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Communications on foot 
Millions of AM walkie- talkies are sold each year. Most 

of them are of the Part 15 type, and may be operated without 
an FCC license on any frequency within the 27 -MHz Citizens 
band, and whose transmitter power input is less than 100 mil - 
liwatts. Range is usually less than a mile. When not licensed, 
they may not be used legally to communicate with licensed 
stations. Greater range can be obtained with an AM. CB 
walkie- talkie, that must be licensed, whose transmitter power 
input can be as high as 5 watts. 

More expensive are the Class A (450 -470 MHz) CB 
walkie- talkies that employ FM. They work well inside of 
buildings and are free from skip interference from distant sta- 
tions. They are used to communicate with similar portable 

PORTABLE PORTABLE 
TRANSCEIVER TRANSCEIVER 

REPEATER 
STATION 

MOBILE RELAY SYSTEM RANGE IS INCREASED BECAUSE 
OF THE HIGH EFFECTIVE ELEVATION OF THE REPEATER 
STATION ANTENNA. 

MOBILE RADIO SYSTEM RANGE can be easily increased if a repeater 
station can be located to extend reception area. Effectively, point -to-point 
range is doubled. 

units as well as Class A mobile units and base stations. When 
used in a mobile relay system, the range can be many miles. 

People who need to be contacted when on foot can sub- 
scribe to a radio paging service. The subscriber buys or rents a 
pocket -size radio paging receiver. Ordinarily, it is left turned 

BOY SCOUTS OFTEN CONDUCT training sessions in the use of CB radio 
transceivers. 

on, but is silent until it intercepts an appropriately coded ra- 
dio signal. Then it issues a beep sound that alerts the wearer 
to call a pre- arranged office by telephone or to take some spe- 
cific action. Some paging receivers also receive a spoken mes- 
sage after being alerted by a coded radio signal. 

Entertainment 
The 8 -track cartridge -type auto stereo system is getting 

heavy competition from auto stereo systems that play tape 
cassettes. The type selected usually depends on whether car- 
tridges or cassettes are used at home so the same tapes can be 
played at home or in the car. Most auto stereo systems cur- 
rently operate as two -channel stereo gear, but some four- 

CASSETTE CAR TAPE PLAYER is combined with FM radio in this Bell & 

Howell add on. Car tape players are very popular now. 

channel equipment is available and more is on the way. Auto 
stereo systems are used on boats too. However, the tape 
player must be installed where it won't get wet. 

Boat owners are also installing battery- operated televi- 
sion receivers on their boats. The antenna is the main prob- 
lem unless reception with a built -in monopole or pair of rab- 
bit ears is adequate. Special marine -type television antennas 
are available; they resemble the limousine TV antennas that 
look like antlers. 

And, of course, there are numerous hand -carried por- 
table radio receivers and tape players that can be used on 
boats and almost anywhere. 

Outdoor stereo 
The home stereo system can be wired to extension speak- 

ers that are set up outdoors to provide music on the patio or 
in the yard. The extension speakers should be built for out- 

AMPLIFIER 
OUTPUTS 

R 

J 
TO OUTDOOR 

SPEAKERS 

TO 
INDOOR 
SPEAKERS 

CONNECTIONS FOR INDOOR AND OUTDOOR SPEAKERS 
THROUGH MIX -N -MATCH TRANSFORMERS 

WHEN STEREO SYSTEMS MOVE OUTDOORS some new wiring be- 
comes a must. Here's one method commonly used. 

door use if they are installed where they can get wet. There 
are alternative ways of hooking them up. They can be con- 
nected through a multi -pole switch that transfers the outputs 
from the indoor speakers to the outdoor speakers. Or, they 
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can be connected through a pair of Mix-n -Match trans- 
formers (Alco Products) so both sets of speakers operate si- 
multaneously. This type of transformer matches an 8 -ohm 
amplifier to two 8 -ohm speakers. The insertion loss is some- 
what greater than 3 dB since amplifier power is equally dis- 
tributed to the two speakers. 

Electronic security systems 
There are two security problem areas -the vacant home 

when the occupants are away, and the car, mobile home, or 
vacation cottage. 

Many homes are protected by a central station alarm ser- 
vice company that receives a signal when an unauthorized in- 
trusion or fire takes place. A sensor is tripped, or a metallic 
loop circuit is opened, shorted or grounded; causing a signal 
to be transmitted to the central station. Other home protec- 
tion systems energize a local alarm which, hopefully, some- 
one will notice and call the police. 

Cars are often protected by a security system that sounds 
the horn when a door is opened. The driver closes a fender- 

CAR BURGLAR ALARMS are being installed in ever -increasing numbers. 
This Horn -type system is made by Universal Security. 

mounted lock switch when leaving the car. When returning to 
the car, the driver uses a key to disable the alarm so the car 
can be entered without actuating the horn. The same kind of 
system can be used to protect an unoccupied motor home, 
camper or cottage. 

More sophisticated security systems for use when a cot- 

tage or home is occupied uses one or more low -light CCTV 
cameras that can produce a useful image even when existing 
light is provided by the moon or stars. 

A vehicle moving into a driveway or near the home -or 
away from the home -can be sensed by an overhead radar ve- 
hicle detector or a buried magnetic loop detector. Movements 
of persons within a protected area can be sensed by a radar, 
ultrasonic or infrared detectors. 

While it might seem expensive to install such security 
equipment, it is often cheaper than paying burglary insurance 
premiums. In some areas, such as New York City, burglary 
insurance is extremely expensive, and is not available at all in 
some neighborhoods. 

A burgeoning market 
The development of the transistor and the subsequent 

development of equipment that could be operated for long 
intervals from self- contained batteries and vehicular electrical 
systems has led to growing use of electronic equipment out- 
doors without relying on electric power lines. And it's only 

POCKET -SIZE radio -paging re- 
ceiver is activated by a coded ra- 
dio signal, and then reproduces a 

voice message. 

the beginning. More and more electronic equipment is being 
developed for use outdoors to meet the demands of the public 
on the move. 

Clark Quinn of General Motors Research Labs, in a re- 
port to the Highway Research Board, said that motorists now 
make 4,000,000 emergency calls annually with CB radios, and 
that new CB transceivers are being installed at the rate of 
40,000 per month. Sales of portable and mobile tape players 
are soaring and the electronic security system business is just 
off the take -off platform. R -E 

safety switch 
for bikes 

A safety switch for mini -bikes was 
described in "Noteworthy Circuits" in 
the October 1970 issue. A much simpler 
switch can be constructed using a tech- 
nique used by motorcycle hill climbers. 

On the right handlebar near the 
throttle grip, mount an insulated spring 
clip which becomes the hot side of a 

normally closed switch. This is con- 
nected to the ignition coil by a length of 
test lead. The spring clip contacts the 
handlebar, thus shorting out the coil. 

To operate the bike, a dielectric 
must be inserted between the clip and 
the handlebar. This insulator consists of 
a leather thong with one end stiffened 
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by spraying with Krylon and the other 
formed into a loop to fit around the 
rider's wrist. If the rider is thrown from 
the bike, the engine is instantly killed 
when the thong is pulled from between 

CONTACT END SPRAY WITH KRYLON 

THONG 
WRIST STRAP 

the switch contacts. 
In practice, I have used contacts 

from a heavy -duty relay for the switch 
contact. The thong should be made just 
heavy enough to operate without break- 
ing.-John Garboury 

"Herbert! Can't you forget for just two 
weeks that you're a TV repairman ?" 
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IC KEY OPENS 

ELECTRONIC 

DOOR LOCK 

THE RAPID INCREASE IN CASES OF 
theft and burglary in this country in- 
dicates the need for a lock that cannot 
be "picked." Modern electronics can 
provide such a lock. One form of elec- 
tronic lock would use a "key" capable 
of storing a binary code, and a lock that 
could be programmed to read and rec- 
ognize the correct code. 

A binary code is nothing more than 
a series of l's and 0's called bits. If two 
bits are used, there are four possible 
codes (00, 01, 10 and 11). With sixteen 
bits, there are 65,536 possible com- 
binations. Availability of low -cost dig- 
ital computer type IC's makes a digital 
lock practical. 

The feasibility of such a lock can 
be demonstrated by the construction of 
an eight -bit lock and key set. The lock is 

built with inexpensive TTL logic mod- 
ules and is battery powered. 

Principles of operation 
The key is very simple and consists 

of a small eight -bit code stored in its 
memory. When inserted into the lock, 
its code is read and the lock responds 
with a positive output signal when the 
key has the correct code. The eight -bit 
code is chosen at the time of construction 
and wired into the lock and key. 

The key is constructed with an 
eight -bit data selector that has eight in- 
puts and one output, with three control 
lines to control its operation. The data 
selector acts like an eight -position 
switch, with the output connected to 
one of the inputs, where the three con- 
trol lines electronically operate the 
switch. The eight -bit code can be stored 
by wiring the eight inputs to ground or 
+5 volts for zero and one respectively. 

A schematic diagram of the lock 
and key is shown in Figs. 3 and 4, re- 

Pickproof lock can 
only be opened by an 

integrated circuit that 
makes an active key 

that is just about im- 
possible to duplicate. 

by J.B. WICKLUND 

spectively, on the next page. 
A square -wave oscillator is built 

with IC9 and drives IC8 which is a 
decade counter. The decade counter 
counts these pulses from zero through 
nine and then starts over. The counter 
output is connected to the three control 
lines of the key, and as the counter goes 
from zero through seven, the eight bits 
of data stored in the key are read by the 
lock. The eight bits are stored in a shift - 
register memory made up of IC2, IC3, 
IC4 and 105. After the eighth bit is read 
and stored, the eight -bit code is de- 
coded by IC I and if the correct code is 

present, the output flip -flop (IC6) will 
be set. When the key is removed or an 
incorrect code is read, the flip -flop is re- 
set again. 

The output flip -flop drives Q2 and 
Q3 which can be used to drive a relay or 
solenoid or door opener. The TTL in- 
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FIG. 1 -FOIL PATTERN for the electronic lock. The board measures 31,2 x FIG. 2 -WHERE LOCK PARTS ARE LOCATED. Jumpers CJ2 -A. CJ2 -B. 
33/4 inches. Parts are positioned and mounted as in Fig. 2 etc) set digital code used to insure secrecy and tool -proof operation. 

JUNE 1972 RADIO -ELECTRONICS 41 

www.americanradiohistory.com

www.americanradiohistory.com


TO J1-E 
2 

D1 IC2 Q2 2 

SN 7474 

TO J1-2 

Q1 Q1 D2 

6151211 - 
A\/ /B 

VCJ1 

Q2 

C2 

IC3 

SN7474 

\/8 3 

v 
CJ2 

6 5 12 

10-- 
A' 'B 

CJ3 

12 

13 

SN7420 
+5V SOURCE 

NOTE: 

CONNECT PIN 7 TO GND, PIN 14 TO +5V ON 
IC1, IC2, IC3, IC4, IC5, IC6, IC7, IC9 

2. ALL RESISTORS 1/4 WATT, ±10% UNLESS 
OTHERWISE SPECIFIED 

3. CIRCLED LETTERS (OA , ® etc.) CORRESPOND 
TO POINTS ON P -C BOARD. 

R2 
:5.6K 

+ 

C3_ 
.01 µF 

_C1 
`35 µF 
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IC4 

SN7474 

A' /B 3¡ 
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1/2 IC1 

6 

SN7400 
12 9 

1/4 11 

1/4 
IC9 

13 IC9 10 

C2 

I( 
R4 .1 

1.5K 6 1/4 
IC9 

R1 -560 ohms, 1/2 watt 
R2 -5,600 ohms, V4 watt 
R3 -1000 ohms 1/4 watt 
R4 -1500 ohms 'A watt 
R5 -390 ohms 1/4 watt 
I C 1 -S N 7420N 
IC2, IC3, IC4, IC5, IC6- SN7474N 
IC7- SN7402N 
IC8- SN7490N 
IC9- SN7400N 
D1 -5.6V .- 5% Zener diode 1N752A 

5 
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R3 

1K 
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FIG. 3 -THE ELECTRONIC LOCK uses digital logic circuitry and digital 
IC's for its foolproof operation. Digital code wired into key is read by the 
lock and must be correct before the circuit will operate and release the 
mechanism. 

PARTS LIST 

D2 -1A, 1N4003 (see Fig. 7) 
Q1, Q2- 2N5296 
Q3- 2N5137 
C1- 35µF/6 Vdc (Sprague TE -1093 or equal) 
C2 -.1µF Mylar (Sprague 225P10491 or equal) 
C3 -.014F disc ceramic 
J1- Connector (Elco 00 -6007- 012 -980-00 or 

equal) 
B1 -12V (2 Eveready 510S or equal) 
FOR KEY: 
ICI -SN74151N 

The following parts are available from North- 
west Engineering; PO Box 5426; Seattle, 
Wash. 98107 

DL- 100 -Ail parts & printed circuit cards .$26.00 
(excluding batteries & door opener) 

DL- 101 -integrated circuits only $12.50 
DL- 102 -PC boards & connector only 8.75 
DL- 103 -Extra key 6.25 
DL- 200 -Edwards model 154 door opener.13.25 
Postpaid in US. 

i12V IN a 

B A B A 

A\ 41`\ i/A\ B \ 
C J5 C J6 C J7 C J8 

15 14 13 12 

1 2 3 4 

C J4 C J3 C J2 C J 
1A, \B/\ \B 

B A 8 A 

TERMINALS ON KEY BOARD, 
LETTERS ON TOP SIDE, 
NUMBERS ON BOTTOM 

12V OUT 

OUTPUT 
TO 
COUNTER 
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tegrated circuits used in this lock are de- 
signed to operate from 5.0 volts and 
should never have more than 5.5 volts 
applied to any terminal. The circuit 
(Fig. 3) provides a 5.0 V voltage regu- 
lator (Q1, Dl) which allows for any in- 
put voltage between 8 and 14 volts to 
operate the lock. 

Construction 
Printed -circuit construction is used 

to insure accuracy and a compact instal- 
lation. The pattern for the lock is in Fig. 

FIG. 4- DIAGRAM OF THE KEY. The IC is 
mounted on a small 2 -sided PC board with con- 
tacts to match a PC card -edge connector. 

FIG. 5- TWO -SIDED BOARD USED FOR KEY 
requires careful alignment of both foil patterns 
so all drilled holes coincide. Patterns full size. 

0p0000 = 
00000000, _ 

'=NP 

c 
4 ° 1111° 
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1 and the pattern for the double -sided 
key board is shown in Fig. 5. 

To prevent a possible wiring error 
in the voltage regulator from damaging 
the integrated circuits, the regulator 
(Q1, R1, R2, C 1 and D 1 in Fig. 3) 

should be built and checked out prior to 
wiring the rest of the circuit. With 12 

volts applied to the input of the regu- 
lator, the output voltage should be be- 
tween 4.5 and 5.5 volts. 

The remainder of the circuit board 
can now be assembled, with the ex- 
ception of the code jumpers (CJI -CJ8) 
which are used to select the desired bi- 
nary code. The location of all wire 
jumpers are shown in Fig. 6. The next 
step is to wire the board to the con- 
nector (J 1), which is used as the "key 
slot." The connector can be located sev- 
eral feet from the lock circuit if desired. 

After selecting an eight -bit code, 
refer to Table 1 for a listing of which of 

TABLE I 

CODE JUMPERS TO IMPLEMENT 
EIGHT BIT CODE ABCDEFGH 

A B C D 
0 CJ1A CJ2A CJ3A CJ4A 

1 CJ1B CJ2B CJ3B CJ4B 

E F GH 
0 CJ5A CJ6A CJ7A CJ8A 

1 CJ5B CJ6B CJ7B CJ8B 

the 16 jumpers should be installed to 
implement that code. Eight of the 
jumpers will be used, the other eight 
being left open. For example, if the 
code 10101010 is selected, jumpers 
CJ1B, CJ2A, CJ3B, CJ4A, CJ5B, CJ6A, 
CJ7B and CJ8A will be used. The table 
also lists the jumpers necessary to im- 
plement the same code on the key. 

The key can now be assembled as 
shown in Fig. 6. The jumper wires as 
listed in Table 1 should be installed. On 
the key, the jumper wires only connect 
the top foil to the bottom foil on the PC 
board and should only be long enough 
to go through one hole and be soldered 

FIG. 6- LAYOUT FOR THE KEY. Key coding is 
provided by eight jumpers -each with two pos- 
sible connections --to ground or to =5 volts. 
Jumpers extend through board from foil to foil. 

on top and bottom. The key should not 
be potted until everything is completely 
tested and is working correctly. 

Connect a 12 -volt battery to the 
power terminals and a dc voltmeter to 
pin H of the PC card. The voltmeter 
should read 0 volts. Now plug the key 
into the socket: the voltmeter should 
change to 5 volts. If the voltmeter does 
not change, check to be sure the key is 
not upside -down in the socket. 

If the key /lock does not operate 
correctly, disconnect the power and 
check the wiring and assembly of the 
PC cards and the connector socket. 
Check that all the necessary jumpers are 
in place on both cards and that the same 
code is wired onto both the key and the 
lock. The oscillator can be checked with 
an oscilloscope at pins 10 and 13 of IC -2 
when power is applied and the key is in- 
serted in the lock. 

After the key has been checked out, 
it can be potted to protect the circuitry 
and to hide the code jumpers. Epoxy ce- 
ment or Silicone Rubber can be used if 
a regular potting compound is not avail- 
able. The epoxy cement provides a good 
hard compound that can be filed to 
shape. 

Application 
When used as a door lock, the out- 

put transistor, Q2, is used to drive a 
door opener to activate the latch. The 
door opener can be operated from the 
same battery that operates the lock or 
from a separate source as shown in Fig. 
7. The diode D2 protects Q2 from re- 

J1 

DOOR 
OPENER 

IN4001 H 

T 

B1 

12V 

DIGI-LOCK 

C 

+ 

B2 -F-- 

T- 

A FIG. 7 -THE DIGI -LOCK drives door opener 
1N4003 diode is preferred for D2. 

verse voltage breakdown due to counter 
emf when the solenoid or door opener 
is released. 

The lock can also be used to pre- 
vent unauthorized people (or children) 
from operating power tools or other 
pieces of electrical equipment. For this 
application, the lock is used to drive a 
relay as shown in Fig. 8. If the lock is to 
be used for long periods of time (turned 
on with the key inserted) in this appli- 
cation, the power supply shown in Fig. 
9 can be built to power the lock. 

Under normal operation, the lock 

117V AC 

1 p 

I 117V AC 
I TO TOOL 

IN4001 H 

DIGI-LOCK 

0 

+ B1 

II 12V 
II 

FIG. 8 -TO LOCK TOOLS, use Digi -Lock to op- 
erate relay with contacts between line and load. 

F1 1/2A 
liSLO- 
BLO 

6.3V á 
@ 1A 

r 

TO J1 
PIN 1 

FIG. 9- SIMPLE POWER SUPPLY replaces bat- 
teries when Digi -Lock is used on power tools. 

only draws power from the battery 
when the key is inserted in the lock. 
Therefore, when used for short periods 
of time, as in the case of a door lock, the 
battery life will be nearly equal to the 
shelf life of the battery. R -E 

0 

For a small extra fee I can manage to 
keep it until after baseball season is over. 
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PROBABLY THE MOST INTRIGUING 
electro- optical device around is the la- 
ser. And while many experimenters, en- 
gineers, and hobbyists would like to 
have one for their own use, costs thus 
far have been prohibitively high for 
most. 

You need worry no more, since for 
a cash outlay of less than $20 any elec- 
tronics experimenter can assemble his 
own full function laser pulse generator. 
Semiconductor diode laser prices (in 
addition to the price of the pulser) be- 
gin at less than $12 in single quantities, 
making this laser project one of the 
least expensive yet published. 

How it works 
For room- temperature operation, 

commercial semiconductor laser diodes 
require a very brief high- current pulse 
for proper operation. The current must 
be high to stimulate the atomic pro- 
cesses of laser action and the pulse must 
be brief to keep the tiny semiconductor 
chip that makes up the laser from burn- 
ing up. 

This pulser uses a common tech- 
nique of generating a fast, high -current 
pulse- discharging a capacitor through 
an SCR. In the circuit diagram in Fig. 1, 

note that a unijunction oscillator sup- 
plies trigger pulses to the gate of a high - 
voltage SCR. The frequency of the 
pulses is adjusted with R2. 

Between pulses of the unijunction 
circuit, capacitor C7 charges through R5 
and R6. When the SCR gate is triggered 
ON, C7 discharges through the SCR, R7, 
and the laser diode. R7 is a one -ohm re- 
sistor that permits the peak current 
through the laser during a discharge 
pulse to be monitored accurately. Po- 
tentiometer R5 is used to adjust this 
current so the laser's peak current rating 
is not exceeded. 

Summing up operation of the unit, 
the repetition rate can be increased to 
more than 500 Hz before peak current 
begins to fall (due to the charging time 
of C7) and peak current can be adjusted 
from zero to more than 40 amps. Pulse 
width is only 200 nanoseconds. 

Put a laser together 
Construction of the laser pulser is 

relatively straightforward, but several 
precautions must be followed for good 
results. We'll get to those later. First 
collect the necessary components and 
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EXPERIMENT WITH R 

INTERNAL VIEW OF 
THE LASER PULSER 
shows component lay- 
out. Power supply parts 
are on the right. Pulser 
parts are close together 
at left. 

CLOSEUP OF PARTS 
in the laser discharge 
circuit. The SCR is sol- 
dered directly to one 
binding post to reduce 
lead length. C7 is the 
capacitor between the 
SCR and the HEP240 
replacing the 2N3439 in 
this particular model. 

For quite a few years laser technology has been 
cost and complexity of equipment. A new 

install them on a 2" x 43/4" perforated 
board as shown in the photo of the in- 
ternal layout of the unit. Most of the 
parts values are not critical and sub- 
stitutions, particularly in the power sup- 
ply, are permissible so long as proper 
voltages are supplied to the circuitry. 
The high -voltage supply should deliver 
at least 300 volts dc and low- voltage 
supply 15 volts dc. With the parts values 
shown in the circuit diagram, the high 
and low- voltage supplies deliver 380 
and 19 volts respectively. 

Four components are critical and 

their values should not be changed. 
They are the SCR (Q3), C7, R7, and 
D5. The SCR has been specially se- 
lected and only higher voltage types in 
the same series may be substituted. C7 
is designed to permit maximum pulse 
width permissible without damaging the 
laser. Do not increase its value. R7 is 
only one ohm. but it must be included in 
the circuit to calibrate the laser pulser. 
Removing R7 may cause the laser to re- 
ceive far more current than it is rated 
for. And D5 is designed to reduce pos- 
sible current undershoot. 
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$32 SOLID-STATE LASER 

denied many experimenters because of the high 
low -cost laser opens experiments to all. 

by FORREST MIMS 

FIG. 1- SCHEMATIC DIAGRAM OF THE LASER PULSE GENERATOR. The discharge circuit is in the 
shaded area. Keep all leads as short as possible here to insure proper operation. 
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Diodes other than the one specified 
may not perform this function properly 
and cause the laser to receive possibly 
damaging reverse current. Since semi- 
conductor lasers don't like excess cur- 
rent, pulses wider than a few hundred 

'1300V i 
.-, 

03 
2N4172 

IN4004 

D5' 

:J1 J3 

40858 
LASER 

'SEE TEXT 

nanoseconds, and reverse current, stick 
with the values specified for these four 
components for best results. 

Install the components on the 
board, using a layout identical or sim- 
ilar to the one shown in the photo. Use 

point -to -point wiring and spaghetti in- 
sulation where there is any chance of a 
short. Insulation is particularly impor- 
tant in the power supply circuitry. 

When complete, trim all leads ex- 
cept those of R7. R7's leads are con- 
nected to a current monitoring terminal 
later. Also, note that D5 is not installed 
on the circuit board itself. D5's installa- 
tion is described later. 

The most important part of the cir- 
cuit layout involves the four corn- 
ponents described earlier. Since they 
form the pulse discharge circuit, the 
SCR, C7, R7, and D5, must be mounted 
as close as possible to one another. Ex- 
cess lead lengths means increased in- 
ductance and the currents and pulse 
widths used here will result in ringing 
and undershoot with inductances mea- 
sured in nanohenries. As mentioned 
earlier, this can be harmful to the laser 
diode. 

PARTS LIST 
R1 -5100 ohms, 1/2 W 
R2. R5 -1 megohm pot 
R3- 10,000 ohms, / W 
R4 -24 ohms, '/ W 
R6- 33,000 ohms, 1 W 
'R7 -1 ohm, 1/2 W 
Cl, C2 -8 µF, 450 V 
C3, C4 -50 IF. 50 V 

C5 -0.1 1,F, 50 V 

C6 -0.047 IF, 400 V 

007 -0.02 ..F, 600 V 
D1, D2 -HEP 58 or equal 
D3. D4 -1N916 or equal 
'D5- 1N4004 or 1N4007 
D6 -Laser diode (see text) 
J1 -BNC panel connector or equal 
J2 -Red insulated binding post (Cambion 3285- 
1-03 or equal) 
J3 -Black insulated binding post (Cambion 
3285 -1 -03 or equal) 
Q1- 2N2647 unijunction 
Q2- 2N3439 (RCA) or HEP 240 (Motorola) 300- 
400 volt 
003- 2N4172 SCR (Motorola) 
S1 -spdt toggle 
Tt -Power transformer: primary 117 Vac: sec- 
ondary 125 V and 6.3 V (Calectro D1 -760 or 
equivalent). 
Misc. -Line cord, cabinet, hardware, stand -offs, 
perforated board, knobs (2), labels, marking 
pen, solder, hook -up wire, etc. 

*Do not substitute (see text) 

When the circuit board is complete, 
compare it with the circuit diagram and 
photos to make sure there are no errors 
or shorts. Be sure that all diodes and ca- 
pacitors are installed with proper polar- 
ity alignment. Then set the board aside 

(continued on page 50) 
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Grantham's New Program in 
ELECTRONICS TECHNOLOGY & ENGINEERING 

Gives You All the Equipment Shown and Much More! 

But Grantham training is 

for the serious student who 
wants to do more than 
play with equipment. It is 

a complete home -study 
career program including 
real laboratory equipment 
and experience. 
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If you really want to 

go places in electronics, 

Move Ahead Now by 

studying at home .. 

@rantham School of Ungineering 
ne+ weirrrre en 

John Ooe 
the brgrrr ol 

Rosman in Science 

r...... -- °7LC....su+.r^ .e if 

,< ,...., 

EARN YOUR DEGREE 
What's in your future? Where will you be one 
year from today -or in two years, or five years? 
The answer will be determined largely by deci- 
sions you make now. You can advance your 
career by 

STUDYING AT HOME 

Grantham offers a college -level home -study pro- 
gram in Electronics Technology & Engineering, 
consisting of a series of three separate corre- 
spondence courses which logically follow each 
other, preparing you for three levels of advance- 
ment in your electronics career. 

The first course includes F.C.C. license training 
and computer science, as well as fundamental 
concepts of electronics and mathematics. Upon 
completion of this course, you are awarded a 
Diploma in Electronics Technology. 

The second course includes physics, mathema- 
tics, and other subjects essential to your upgrad- 
ing from technician to engineering technician. 
The final ten lessons of this course are completed 
at the School, and you are awarded the Degree of 
Associate in Science. 

The third and final course of this series empha- 
sizes engineering analysis and design. Upon com- 
pletion of this course you are awarded a Diploma 
in Electronics Engineering and are prepared to 
fill positions normally held by college -graduate 
engineers. 

Grantham School of Engineering 
Established in 1951 

1505 N. Western Ave. 
Hollywood, Calif. 90027 

Engineers Will Be Needed - 
Prepare Now 
As you know, during the past two years there 
has been an oversupply of engineers. Now, prob- 
ably as a result of that condition, the percentage 
of college students going into engineering has 
greatly decreased. Also, now the demand for 
engineers is again increasing and is expected to 
continue to increase in the foreseeable future. 
Forecasters see a great shortage of engineers in 
the Seventies. Therefore, now is the time to get 
started - to begin studying - in preparation for 
the greater demand in engineering which is sure 
to come. 

Accreditation & G.I. Bill Approval 
Grantham School of Engineering is a college - 
level correspondence institution, authorized 
under the laws of the State of California to grant 
academic degrees. The School is approved under 
the G.I. Bill. is accredited by the Accrediting 
Commission of the National Home Study Coun- 
cil, and is an eligible institution under the Fed- 
erally Insured Student Loan Program. 

For complete details, mail postcard or coupon. r 
Grantham School of Engineering RE -6-72 

1505 N. Western Ave., Hollywood, Calif. 90027 

Please send me your free Bulletin which explains how 
the Grantham educational program can prepare me for 
a degree in electronics. 

ri 1 am a beginner in electronics. 
n 1 have a little experience with electronic equipment. 
Ei I am an experienced electronics technician. 

Name __ _ _ _ 

Address _ _ _ 

City ',fate lip 
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and prepare the enclosure. 
The prototype pulser shown in the 

photos is housed in an LMB No. 564 
Glamor Cabinet (5" x 6" x 3 "). The 
cabinet is ideal for the pulser since it's 
prepainted and supplied with rubber 
feet. 

Actually, any enclosure can be used 
as long as it's functional. Prepare the 
housing by drilling appropriate holes 
for the transformer, controls, output ter- 
minals, and stand -offs. Drill a hole in 
the back of the cabinet for the line cord. 
Force a rubber grommet into the hole 
to prevent fraying and insert the ex- 
posed end of the cord. Tie a knot a few 
inches from the exposed end and solder 
one end of the cord to one of the black 
transformer leads. Carefully tape the 
connection with black electrical tape to 
prevent possible shorts and shock haz- 
ards. The remaining end of the cord is 
soldered to the power switch. Use an ex- 
tension wire if necessary and be sure to 
tape the connection. 

Next, mount the transformer with 
4 -40 hardware and install the controls 
and output terminals. The remaining 
wiring is straightforward. Connect the 
transformer leads to the circuit board, 
paying attention to the color code (high - 
voltage secondary is red and low -volt- 
age secondary is green). Don't mix them 
up like I did the first time or you'll bum 
out some diodes! 

It's a good idea to trim the leads to 
convenient lengths, but don't cut them 
too short. Next, wire the remaining 
switch terminal to the black transformer 
lead and hook up the two potentiome- 
ters. 

If the laser terminal holes were 
drilled following the layout in Fig. 2, 
the cathode terminal of the SCR should 
be adjacent or very close to the solder 

INSULATED 
BINDING 

3/4" POSTS (J2 & J3) 

CIRCUIT 
BOARD 

CURRENT 
MONITOR 
TERMINAL 
J1 

FIG. 2- LOCATION OF TERMINALS ON PANEL 
insures short leads to discharge- circuit parts. 
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portion of the right terminal when the 
circuit board is installed. If so, it may be 
possible to solder the cathode directly to 
the terminal. This is preferred since it 
results in the shortest lead length. The 
remaining terminal is connected to 
ground by a one -inch length of wire. 

When the laser output terminals 
are connected, trim and bend the leads 
of D5, a 1N4004 diode, so that they fit 
between the two terminals. Solder the 
diode leads to each of the terminals so 
the diode's anode is connected to the 
ground terminal. The white band on 
one end of the diode will then be near- 
est the SCR terminal. 

The only remaining wiring is hook- 
ing up the current monitoring terminal. 
If you have access to a fast (15 MHz) os- 
cilloscope, go ahead and wire the termi- 
nal by connecting the grounded lead of 
R7 to the terminal ground and the re- 
maining lead of R7 to the other termi- 
nal connection. For convenience, the 
prototype pulser used a BNC connector 
which can be easily connected to a 
scope via a short cable. Use care when 
soldering the leads of R7 to the terminal 
since they are under the already in- 
stalled circuit board. 

If you do not have access to a 15 

MHz (or better) scope, read the calibra- 
tion instructions before hooking up the 
monitor terminal. You may prefer to try 
one of the monitoring techniques which 
can be used with a slow scope or even a 
voltmeter. 

Operating test 
Before calibrating your laser 

pulser, test it to see if it's operating 
properly. Simply connect a length of 
hook -up wire between the laser output 
terminals (don't use a laser yet) and 
place a radio near the unit. When the 
power switch is turned on, you should 
hear a buzzing sound from the radio. If 
the sound is not present, try rotating the 
control pots until it is. The sound comes 
from the electromagnetic field radiated 
during the high- current discharge. 

Another simple test is to carefully 
listen to the pulser itself. When oper- 
ating, the discharge capacitor will emit 
a definite humming, with frequency de- 
pendent on repetition rate of the unit 
and amplitude dependent on the cur- 
rent setting. You may have to remove 
the top of the cabinet to hear the ca- 
pacitor, but don't place your ear too 
close to the circuit board or you may re- 
ceive a shock. 

If these simple tests show that the 
pulser is not operating, recheck all wir- 
ing and components. Pay particular at- 
tention to the power supply circuits and 
look for possible shorts. Use a voltmeter 
to check the output of the power supply 
circuits. A scope can be used to check 
the unijunction pulser by looking across 
the gate of the SCR and ground (spikes) 
and the discharge capacitor C7 (high- 

voltage sawtooth waveform). 

Calibration techniques 
When the laser pulser is operating, 

it must be calibrated to prevent acci- 
dental application of excess current to a 
laser under test. First, make sure the 
current and repetition rate pots are con- 
nected properly so that rotation to the 
extreme left gives the least current and 
rep rate. It's easy to perform this proce- 
dure with the radio test. Repetition rate 
is easily heard as a buzz or tone and the 
higher the current the louder the tone. 
If necessary, reverse the outside (stator) 
contacts of either pot if it is connected 
backwards. 

Three techniques can be used to 
calibrate the pulser and they are de- 
scribed in decreasing order of reliabil- 
ity. First and best is to use a 15 MHz or 
faster oscilloscope with triggered sweep 
(nearly all scopes rated at this frequency 
are triggered). The pulser can be 
quickly and accurately calibrated by 
making use of the one -ohm current 
monitoring resistor. Simply connect the 
scope to the monitor terminal (J 1), in- 
sert a laser into the output terminals 
(using care to observe polarity; the SCR 
cathode terminal goes to the laser an- 
ode), and with both control pots turned 
to the far left activate the power switch. 

Advance the REPETITION RATE con- 
trol to a pulse rate of a few hundred 
Hertz (use the radio technique and esti- 
mate or connect the scope to the SCR 
gate to set the rep rate) and very slowly 
begin advancing the current control. 
With the scope set to a sweep speed of 
about 100 nanoseconds (0.1 micro- 
second) per division and a vertical am- 
plitude of about 2 volts per division 
(compensate accordingly for a 10X 
probe if one is used), begin watching for 

lirmmmrri 
LASER OUTPUT PULSE looks like this on a fast 
scope. Sweep speed is 100 ns per division and 
amplitude is 5 volts or amps /div. 

the current pulse. It may take a few 
minutes to find the pulse, but adjust- 
ments of the triggering (be sure it's set 
to negative) will soon show a very clean 
200 nanosecond pulse. 
CAUTION: Since an actual laser is 

being operated during calibration, be 
sure to avoid applying too much cur- 
rent. The inexpensive laser described in 
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the Parts List, an RCA type 40858, can 
be operated at up to 25 amps but some 
lasers must be operated at much lower 
levels. 
Do not advance the CURRENT control 
more than one third revolution when at- 
tempting to see the laser pulse for the 
first time with the 40858. If the pulse is 
not visible, the scope is not being oper- 
ated correctly. 

When the pulse is properly dis- 
played on the scope, calibrate the cur- 
rent control by making a small mark at 
one -amp intervals. According to Ohm's 
Law, current is the quotient of voltage 
divided by resistance. Since resistance 
in this case is one ohm, the amplitude of 
the pulse displayed on the scope in volts 
equals the current amplitude. Knowing 
this, you can easily letter in current val- 
ues every five amps. 

If you don't have a fast os- 
cilloscope, you can calibrate the pulser 
with practically any scope having a cali- 
brated voltage setting for the vertical 
trace. Almost all but the most in- 
expensive scopes have a calibrated volt- 
age setting. To perform the calibration, 
simply connect the scope across the pos- 
itive side of C7 and ground and observe 
the capacitor's charging curve. It's am- 
plitude will range up to 300 volts and 
more, depending on the current control 
setting (remember the cautionary infor- 
mation about the laser and start the cal- 
ibration at zero current and stop at the 
laser's maximum rating). 

Next, using the calibration graph 
shown in Fig. 3, mark the current output 
at one -amp intervals. It's important to 
note that this calibration graph applies 
only when the pulser is operated with a 
laser in the circuit (not a wire) and was 
made with the prototype pulser which 
used the discharge parts values specified 
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FIG. 3- CALIBRATION GRAPH for use with an 
ordinary "slow" scope to determine the panel 
markings for the current control potentiometer. 

in the Parts List. While it is not as accu- 
rate as direct calibration with a fast 
scope, it is adequate for nearly all appli- 
cations. In fact, if a fast scope will prob- 
ably not ever be available, it's a good 
idea to hook up the monitor terminal to 

the capacitor and ground instead of the 
one -ohm resistor (be sure not to remove 
the resistor though). Also, the graph will 
always be handy if it is cut out and 
glued to the back of the case. 

A third method of calibration can 
be used by the experimenter who 
doesn't have access to any kind of scope 
(though if at all possible a scope should 
be borrowed since calibration takes 
only a few minutes). This procedure re- 
quires a voltmeter and the calibration 
graph shown in Fig. 4. Simply connect 
the meter across the rotor of the CUR- 
RENT control pot and ground while 
monitoring the voltage as the control is 
slowly rotated. Use the graph to mark 
the current in amps. This method of cal- 
ibration is not as accurate as either of 
the other two, but it will serve until a 
better method can be used. 

Choosing a laser 
A very economical laser which is 

ideal for this laser pulser is RCA's 
40858. This laser emits a peak optical 
power of at least 3 watts at its maximum 
rated current of 25 amps. For more 
money, higher power lasers can be ob- 
tained. For example, the $23.20 40862 
will emit at least 10 watts at 40 amps. 
For more information write the three 
main manufacturers of commercial 
semiconductor lasers: 

Laser Diode Laboratories 
205 Forrest Street 
Metuchen, NJ 08841 

RCA Semiconductor Lasers 
New Holland Pike 
Lancaster, Pa. 17604 

Texas Instruments, Inc. 
P.O. Box 5012 
Dallas, Texas 75222 

When writing, request data sheets 
and prices. Some lasers can be easily or- 
dered through local electronics dealers 
(particularly RCA and TI types). 
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POTENTIOMETER 

FIG. 4 -IF YOU DON'T HAVE A SCOPE, use 
this graph and a vtvm for current calibration. 

Applications 
Since the beam emitted from 

nearly all commercial semiconductor la- 
sers is invisible to the human eye, appli- 
cations might seem tough. Not so. 
These little lasers are invaluable in de- 
tection -proof intrusion alarms, long 
range optical communications, short 
range IR (Infra -Red) photography, IR 
illumination, interferometry, and gen- 
eral experimentation. Optical radar is 

even a major application. 
If there is enough reader interest, 

some of these applications can be de- 
scribed in detail in future articles. 
Meanwhile, the first general experimen- 
tation and fact book on semiconductor 
lasers has just been published by How- 
ard W. Sams. Titled "Semiconductor 
Diode Lasers," the 192 page book is 
crammed with theory, applications, and 
dozens of circuits (all tested) for pulsers, 
receivers, and IR image converters. This 
book should keep anyone interested in 
semiconductor lasers busy for quite 
some time. 

Laser safety 
A final word about laser safety is in 

order. Though the semiconductor lasers 
used here are rated at average power 
outputs well below a desk lamp, the 
peak power output may be measured in 
watts. There are no known cases of eye 
injury resultant from observing a diode 
laser at close range, but play it safe and 
follow these simple precautions: 

1. Do not look directly into the la- 
ser at close ranges. Since the beam 
spread is about 20 °, increasing the dis- 
tance from the laser greatly reduces the 
amount of light which can enter the eye. 

2. If a lens is used to collimate the 
laser beam, avoid looking into the lens 
itself. A simple lens can easily be used 
to produce a 0.1° beam with the diode 
laser. 

3. Avoid aiming the laser at shiny 
surfaces. 

4. Inform others in the area when 
the laser is being used so that they will 
also follow the safety procedures. R -E 
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"It's only a bad tube, but by the time you 
get here we'll probably have to talk trade - 
in." 
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Experiments 
With 

One of the more basic linear IC's, 

the op amp has a myriad of applications 
and is a handy device to have around. 

by B. R. ROGEN 

The modern operational amplifier (usu- 
ally shortened to just plain "op amp ") 
comes the closest to the engineer's 
dream of the perfect amplifier. What 
are the qualifications for this nebulous 
amplifier? Well to start, it should have 
an infinite input impedance so it does 
not present a load to the circuit it fol- 
lows. It should have infinite open -loop 
gain. It should have zero response time 
to an input signal- meaning that it 
should have infinite bandwidth. It 
should have zero offset -that is, with no 
voltage at the inputs, it should have zero 
output. And this perfect amplifier 
should be inexpensive. 

Although this goal has not yet been 
reached, the modern op amp does have 
input impedances approaching many 
megohms; gains run from 20,000 to 
1,000,000; response time is measured in 
nanoseconds, and offset can be reduced 
to zero. The price for this package -of- 
gain runs from under a dollar to several 
dollars depending on what special char- 
acteristics you may need for your appli- 
cation. 

What's inside 
Essentially, an op amp uses a high - 

input- impedance differential amplifier 
driving a voltage -gain stage, followed 
by a low -output- impedance power -out- 
put stage. The theory of operation is 
somewhat complex, but all the experi- 
menter has to know is that the symbol 
for an op amp is shown in Fig. I. Note 
that there are two input terminals, one 
marked with a plus and one marked 
with a minus sign, and a dual power 
supply having a common ground is re- 
quired. 

Since the op amp is "bipolar ", its 
output can swing either positive or neg- 
ative with respect to ground. 

The input feeding the "minus sign" 
is called the inverting input. If a signal is 
applied to this lead while the other in- 
put is grounded, the polarity of the out- 
put signal will be opposite to the polar - 
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FIG. 1 -OP -AMP OR DIFF -AMP (a) is character- 
ized by dual inputs and often requires com- 
pensation networks (b) for input and output. 

ity of the input signal. The input 
feeding the "plus sign" input is called 
the non -inverting input and if a signal is 

applied to this lead while the other in- 
put is grounded, the polarity of the out- 
put signal will be the same as the input 
signal. 

This essentially, is the "meat" of 
the op amp. A little thought will show 
that for an ac input, the output of the op 
amp will be 180° out -of -phase with a 
signal applied to the ( -) input, but in- 
phase with the signal at the ( + ) input. 
Also consider that if a signal is applied 
to both inputs simultaneously, they will 
cancel each other and the output will be 

zero. This is because the op amp re- 
sponds to a differential input only and is 
sometimes called a "differential ampli- 
fier". 

As an interesting aside, consider a 
signal "drowning" in a 60-Hz hum, ap- 
plied to the two inputs. Instead of a 
poor output signal, the 60-Hz hum corn - 
mon to both inputs will be cancelled 
while the signal difference between the 
two inputs will be amplified. This is 
called common -mode rejection. 

There is one other thing that you 
will see in many op -amp circuits. It 
takes the form of a resistor- capacitor, or 
a capacitor connected between some 
pins. These are called "frequency -com- 
pensation" components, and unless the 
op amp is specifically identified as inter- 
nally compensated, these outboard de- 
vices must be used. The reason is simple. 
No matter how careful the design of the 
IC is, the very nature of construction re- 
quires that some (albeit tiny) capaci- 
tance exists between stages. The reac- 
tance of these tiny "capacitors" is very 
small at the lower frequencies, but be- 
gins to play an important role as the fre- 
quency goes up. What can happen then, 
is that at certain higher frequencies, the 
op amp can have positive feedback (os- 
cillation) that could make quite a differ- 
ence to circuit operation. The fre- 
quency- compensating components are 
inserted between various stages in the 
op amp to prevent this unwanted ten- 
dency to oscillate, which is a natural 
when you remember the very high gains 
that exist in these IC's. Some IC's, the 
741 have compensation built into them. 

At some later date, a complete cir- 
cuit design procedure for op amps will 
be described. But first to give the reader 
a chance to "play" with these amazing 
devices, and see what can be done at 
low cost, we will present a small sam- 
pling of circuits that use these "near 
perfect" packages of gain. We will start 
with some simple low -cost pieces of test 
gear. 
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SYMMETRY 

SWITCH RANGES 

1. 2T0 20 Hz 
2. 20 TO 200 Hz 
3. 200 TO 2000 Hz 
4. 2T0- 20 kHz 
5. OVER 20 kHz 

001 
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FIG. 2- SQUARE -WAVE GENERATOR uses 
positive feedback to sustain oscillations. 
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TOP VIEW 

BASE DIAGRAMS OF TWO POPULAR IC's IN TO -5 AND DUAL -INLINE PACKAGES. The type 709 re- 
quires input and output compensation to neutralize Internal capacitances. 

Square -wave generator 
The circuit shown in Fig. 2 uses the 

well -known 709 op amp as a square - 
wave generator. It can be built on a 
small piece of perf board, or even a 
small PC board. This particular version 
uses the TO -5 style case for the op amp. 
If you use a Dual -Inline- Plastic (DIP) 
device, change the leads accordingly. 
The circuit can generate clean square 

waves between 2 Hz and over 20 kHz 
with the various bands switch -selected, 
and intermediate values and wave 
shapes set by the FINE frequency and 
symmetry potentiometers. The circuit is 
essentially a regenerative comparator 
using positive feedback to sustain oscil- 
lation. The charging time of the switch - 
selected capacitors, in conjunction with 
the preset voltages at the inverting and 

non -inverting inputs, determines the ex- 
act frequency. 

Triangle -wave generator 
One of the least used test in- 

struments is the triangle generator. If 
you stop and consider it, not many 
people can recognize a clean sine wave 
when they see it. Actually, it takes quite 
a bit of distortion before you actually 
see a change in the waveform. If you 
use a square wave to test an amplifier, 
you must be careful that what you are 
seeing is actually a square wave, and 
not clipping. However, with a triangle 
wave, the sides must be as straight as a 
ruler and the peaks sharp. Any dis- 
tortion in the amplifier under test will 
make great changes in the output 

5VJ I I u 

I\ 

10K 

9.1K 

Th 

2.5V 

OUTPUT 

FIG. 3- INTEGRATOR CIRCUIT converts 
square wave input to a clean triangular wave. 

RI 

FREQ. C1, C2 

1 Hz 33µF 
100 Hz .33µF 
500 Hz .065µF 

1 kHz .033µF 
10 kHz .0033µF 
50 kHz 650pF 

100 kHz 330 pF 

FIG. 4- SINE -WAVE GENERATOR drives voice 
coils at power levels up to 8 watts. 

triangle, and clipping or crossover dis- 
tortion is very easy to see. In clipping, 
the sharp tips of the waveform are the 
first to go, and amplifier distortion 
changes the straight sides of the triangle 
to make this distortion very apparent. 

If you already have a square -wave 
generator, the circuit in Fig. 3 will suf- 
fice. Known as an "integrator ", this cir- 
cuit converts a square -wave input to a 
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2.7K 

2701-2 

2752 

2.70 

.2752 
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100K 
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FIG. 5 (top) -SQUARE AND TRIANGLE GEN- 
ERATOR has bistable multivibrator for square 
waves and an integrator to develop the 
triangles. FIG. 6 (below) -AC MILLIVOLTME- 
TER reads 10 mV full -scale for low -level Inputs. 

100 pF 

IN 

.47 NF 

18K 

clean triangle waveform. Any op amp 
will do, and if a 709 is used. don't forget 
the compensation (see other schematics 
for typical values). No value is given for 
C I so use a switched set of values that 
will produce a clean triangle wave out- 
put with the selected square -wave in- 
puts. 

Combined generator 
If you want to build a combination 

square and triangle waveform gener- 
ator, then use the circuit of Fig. 5. A 
and A2 form a bistable circuit gener- 
ating square waves. A3 is an integrator 
that forms the triangle waves. Both the 
frequency and level of the signals can 
he controlled by the potentiometers. 

Sine -wave generator 
The op -amp sine -nave generator 

shown in Fig. 4 can drive 8- to 10-ohm 
loads and can provide up to 8 volts out- 
put. Harmonic distortion is typically 
less than 0.5% over the frequency range. 
The lamp provides automatic gain con- 
trol. while R I provides the necessary 
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-12V 

9V 

4 pF 
I/ 

10K 

100 NA 

1 m 

10 mA 

100 mA 

feedback, and to a limited degree, de- 
termines the output amplitude. The fre- 
quency is equal to 16i7R2C I. The 47 -pF 
capacitor between pins 8 and 6 provides 
the high -frequency compensation. 

Working with solid -state circuits 
often calls for measuring very small sig- 
nal levels. The circuit of Fig. 6 shows a 
10-mV (.01 -volt) full -scale ac milli - 
voltmeter. Suitable attenuators can be 
used to change the measurement range. 
The use of input bootstrapping raises 
the input impedance to over one meg- 
ohm. Resistor R I has to be trimmed for 
full -scale deflection with 10-mV input. 
Accuracy is 2% and frequency range is 
within 3 dB to 150 kHz. 

As another example of op -amp use 
in measuring circuits, that shown in Fig. 
7 is a low- voltage -drop microammeter 
that will operate between 10-SA and 
100 mA with an accuracy of 1% if a de- 
cent meter and accurate resistor values 
are used. Variation of accuracy with 
temperature is approximately .2% /T. 

The circuits shown are only a very 
small sampling of some of the unique 
uses of the op amp in test equipment. In 
future issues we will show you how to 
make a two op -amp circuit that forms a 
multimeter with twelve voltage ranges 
from 0.001 volt full scale to 300 volts 
full scale, twelve current ranges from 1 

µA full scale to 300 mA full scale. Bat- 
tery powered (two conventional 9 -volt 
transistor radio batteries), this multime- 
ter will be the equal of one selling at 
many times its construction cost. R -E 
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FIG. 7 -DC MICROAMMETER measures as low 
as 10 IA full scale with very low voltage drop. 
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If you built R -E's digital IC 
tester last month you must 
be ready to put it to 
work. Here's a 

detailed manual 
of operation 

----_ 

how to use 

R -E's IC Testir 
NOW THAT YOU'VE COMPLETED THE 
construction of your DIGI -DYNA -CHECK 
(Radio -Electronics, May 1972), let's see 
how it can be used for both in- and out - 
of- circuit testing of a wide variety of 
digital integrated circuits. By simulating 
actual operating conditions for the unit 
under test; the DIGI -DYNA -CHECK per- 
forms a functional check of an is under 
truly dynamic conditions. Operating 
power is supplied ( +5 volts at 1 amp, 
regulated), where necessary and logic 
levels are readily applied to the inputs 
of the IC under test. All input and out- 
put logic levels are monitored, simulta- 
neously, with a bank of sixteen indicator 
lamps, a lighted lamp representing a 1 

logic state. A lamp that is off is in- 
dicative of either a O logic state or an in- 
determinate condition that is possible 
when there is no connection at that test 
terminal. 

Gates of all types can be put 
through their paces by checking the out- 
put levels that result from various com- 
binations of input levels. Flip -flops, 
counters, and shift -registers are ad- 
vanced through their various states ei- 
ther stepwise (manually), or contin- 
uously (automatically) at a frequency of 
approximately 50 kHz, a rate that can 
be easily observed with most commonly 
used oscilloscopes. 

Before we get into the actual exam- 

pies of test procedures that can be used 
with different types of digital IC's, let's 
take a closer look at the matrix switch to 
learn the how and why of its operation. 
Since it's the heart of the DIGI -DYNA- 
CHECK, a thorough understanding of its 
operation is necessary. 

The matrix switch consists of 
twenty 10- position slide switches, each 
having, in addition to ten common posi- 
tions, a neutral or "no connection" posi- 
tion. The first sixteen sliders are wired 
to correspondingly numbered pins of 
the DIP (Dual -Inline Plastic) test socket 
and to the inputs of sixteen lamp in- 
dicators. The remaining four sliders are 
brought out to four binding posts 
marked W, X, Y, and Z. 

Each of the ten switch positions is 
wired, internally, in common, for all 20 
switches, to the following functions. See 
Table I on next page. 

Looking at Table I, we see that any 
number of the sixteen IC contacts as 
well as binding posts W, X, Y, and Z 
can be connected to any of the six inter- 
nally available functions by merely 
moving their corresponding matrix slid- 
ers to the positions representing the de- 
sired functions. Since all switches have 
their identically numbered positions 
wired in- common (bussed together), 
two or more sliders resting on the same 
numbered positions will result in their 

by JACK CAZES 

IC terminals and /or binding posts being 
connected together. Sliders W through 
Z and positions A through D form a 4 
x 4 matrix with their eight binding 
posts which, as we shall soon see, can be 
useful in connecting the test IC to the 
outside world -to a scope, external 
power supplies, resistors, capacitors, test 
leads, etc. When any or all of the sliders 
W through Z are in positions 1 through 
6, the corresponding internal functions 
are available for external use. This can 
come in handy when checking external 
circuitry. Note that when sliders 1 

through 16 are in positions A through 
D, the corresponding monitor lamp in- 
puts are automatically connected to the 
external binding posts. 

Thus, for example, with slider 1 in 
position A, and test leads plugged into 
binding post A and ground, lamp 1 can 
be used as a logic level test probe for 
checking relative logic levels on PC 
boards at locations other than at IC ter- 
minals. 

The numbering system for DIP in- 
tegrated circuits is illustrated below. 
Very often, there is some sort of mark, 
such as a dot or a number 1 at pin 1. 

However, even in cases where there is 
none. pin I will always be at the 
notched end of the IC package as shown 
in Fig. 1. The remaining pins are num- 
bered counting counterclockwise. 
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POSITION 
TABLE I 

WIRED TO 

0 No connection (Neutral) 
1 Ground (to provide circuit common and logical 0) 
2 + 5V, regulated (to provide circuit power and logical 1) 
3 STEP (via manual stepping button) 
4 STEP (complement of position 3) 
5 INT CLOCK (internally available 50 kHz square -wave generator) 
6 INT CLOCK (complement of position 5) 
7 Binding post A 
8 Binding post B 
9 Binding post C 

10 Binding post D 

PIN NO. 1 

IS ALWAYS TOP VI FAN 

FIG. 1- FINDING PIN 1 of a dual -inline- package 
(DIP) IC is easy. Just look for the notch in one 
end as shown here. 

In- circuit testing 
To test IC's in- circuit plug the in- 

circuit adapter cable into the test socket 
of the DIGI -DYNA -CHECK and connect 
the test clip at the other end of the cable 
to the IC to be checked. Be sure that the 
clip is properly oriented, i.e., with IC 
pin I connected to the 1 position of the 
clip. A ground connection must be made 
between the circuit being tested and the 
checker to provide a common reference 
point for the lamp monitors. This can 
be done either by moving the matrix 
slider corresponding to the ground lead 
of the IC under test (if this is known) to 
GND (position 1), or by connecting a 
clip lead between one of the ground 
posts in the checker and a ground or 
common point on the board containing 
the IC being tested. 

If the IC being checked is oper- 
ating under its own power supply, the 
logic levels existing at all of its termi- 
nals will be displayed by the indicators 
directly. If the circuit is not self -pow- 
ered, power can be supplied from the 
DIGI -DYNA -CHECK to the Ve,. terminal of 
the IC via the matrix switch. Since up to 
1 amp is available, the checker's power 
supply can "fire -up" a board containing 
many IC's; most digital IC's draw only 
a few milliamps each. However, current 
drain for most integrated circuits is de- 
pendent upon the output states and how 
often these states are changing -fre- 
quency. This happens because many 
gates draw extra current while changing 
state. Most manufacturers specify a 
maximum current consumption, and 
their literature should be consulted 
when in doubt. 

One more word of CAUTION 
about using the internal +5 V supply 
for powering integrated circuits. The in- 
ternal supply can only be used with IC's 
that are designed to operate at +5 volts. 
RTL (Resistor- Transistor Logic) cir- 
cuits, for instance, require 3.6 volts and 
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can be damaged if connected to 5 volts. 
RTL units operating from their own 
power supply or from an external power 
source of the proper voltage can, never- 
theless, be checked with the DIGI -DYNA- 
CHECK via the lamp monitors because 
their logic threshold region is within the 
threshold region of the lamp -driver cir- 
cuits. A knowledge of what the logic 
states at the IC's terminals should be for 
a given circuit may be obtained from 
the spec sheets for the units under test. 

It is possible, during in- circuit test- 
ing, to connect any of the internally 
available functions to the circuit under 
test. Thus, you can connect the STEP or 
CLOCK function to the input of a shift 
register, or a counter, or a flip -flop, and 
carry it through its paces under control 
of the DIGI -DYNA- CHECK. You can con- 
nect up to four IC terminals simulta- 
neously (via positions A through D), to 
external components, or to a scope for 
monitoring input and output relation- 
ships. 

Out -of- circuit testing 
Out -of- circuit IC testing is per- 

formed much the same way as is done 
with a tube tester. The unit to be tested 
is plugged directly into the test socket, 
suitable input parameters are set (in the 
present case, via the matrix switch), and 
the result is read out on the front panel. 
In our case, we do not merely get a 
GOOD -? -BAD reading as with a tube 
tester, but rather, we obtain a lot more 
information about the IC under test. 
We are able to monitor all input and 
output logic levels simultaneously, and 
to compare them with each other and 
with expected levels based upon either a 
prior knowledge of the normal mode of 
operation of the logic type involved, 
(gate, counter, flip -flop, shift register, 
etc.) or from literature describing the 
specific unit being tested in which the 
normal input /output relationships are 
given. This latter type of data is gener- 
ally contained in a TRUTH TABLE. This 
table indicates what the outputs should 
look like when certain combinations of 
input levels are present as well as what 
changes should occur when changes are 
made in the input levels. 

Gates are the most basic logic sys- 

tems. They can have, generally, either 
of two output states: a high or 1 level 
and a low or 0 level. The level or state 
that is present at the output of a particu- 
lar gate depends upon the condition of 
the input(s) to the gate. The simplest 
gate, the INVERTER, or NOT gate always 
has an output state that is the opposite 
of its input (it has only one output and 
one input); a 1 at its input results in a 0 
at its output, and vice versa. 

Let's briefly look at truth tables for 
some of the more common types of 
logic building blocks (basic logic circuit 
types). The following table is a corn- 
bined truth table for two -input NAND, 
AND, NOR, OR, and EXCLUSIVE -OR gates: 

INPUTS OUTPUTS 
A B NAND AND OR NOR EXCL -OP 

0 0 1 0 0 1 0 

0 1 1 0 1 0 1 

1 0 1 0 1 0 1 

1 1 0 1 1 o o 

Some generalizations may be made: 
For the first four types of gates, 

the output is at one condition for all in- 
put combinations except one. 

The NAND outputs are the oppo- 
site or inverse of the AND outputs for a 
given set of input conditions. 

The NOR outputs are the oppo- 
site or inverse of the OR outputs for a 
given set of input conditions. 

The EXCLUSIVE -OR gate is at one 
state if both inputs are identical and in 
the opposite state if the inputs are dif- 
ferent. This property of the EXCLUSIVE - 
OR gate makes it useful as a digital com- 
parator -for comparing two digital 
quantities or two digital states with each 
other. 

Similar truth tables and general ob- 
servations can be made for gates con- 
taining more than two inputs; the num- 
ber of input combinations, of course, 
increases with the number of inputs in- 
volved. 

Flip -flops represent the next most 
complex systems in digital circuitry. 
One widely used type is known as the J- 
K flip -flop. Unlike simple gates dis- 
cussed above which have no memory, 
flip -flops remain in a given state even af- 
ter the input conditions that put it into 
that state have been removed. Flip -flops 
often have two complementary outputs 
known as Q and not -Q (written Q). A J- 
K flip -flop has a "clock" input that 
serves as the trigger for the device. Out- 
put states are made to change by apply- 
ing a pulse at the clock terminal. The 
states assumed by the Q and Q outputs 
depend upon the levels present at the J 
and K inputs immediately preceeding 
the clock pulse as well as the states of 
the Q and Q outputs at that time. The 
normal transitions are summarized in 
the next table. 
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At time, t At time, f + 1 

J K Q Q 
No change in state 
(maintains whatever state 
was present at time, t) 
1 0 
0 1 

Assumes the inverse of 
the output states that 
were present at time, t 

NOTE: t is the time just before the 
"clock" pulse. 
t + 1 is the time just following 
the "clock" pulse. 

0 0 

1 0 

0 1 

1 1 

Now we're ready to apply what 
we've learned about the basic digital 
logic building blocks to checking digital 
IC's with the DIGI- DYNA -CHECK. We will 
select several IC's and carry them 
through their tests. The following table 
lists some of the more commonly used 
TTL (Transistor- Transistor Logic) in- 
tegrated circuits with their internal ter- 
minal connections. We will look at sev- 
eral units listed in the table in order of 
increasing complexity, including an IN- 

VERTER, NAND, NAND with open -col- 
lector outputs, J -K flip -flop, and, fi- 

nally, a decade counter. 
TABLE II 

Pin No. Set to Remarks 
7 GND Power supply to the IC 
14 +5V 
1,2 +5V 

4,5 +5V 

9, 10 +5v 

12,13 +5V 

Inputs to gate 1 at 
logical "1" 
Inputs to gate 2 at 
logical "1" 
Inputs to gate 3 at 
logical "1" 
Inputs to gate 4 at 
logical "1" 

Vcc 6A 6Y 5A 5Y 4A 4Y 

1A 1Y 2A 2Y 3A 

SN7404 

3Y GND 

SCHEMATIC (EACH INVERTER) 

FIG. 2 -THE SN7404. Basing diagram is at the 
top. Schematic of each inverter is also shown. 
There are six in this IC. 

SN7404: Hex inverter 
This 14 -pin IC contains six sepa- 

rate inverters with their inputs and out- 
puts wired as shown in the table below 
and in Fig. 2. Plug it into the test socket 
making certain that it is properly ori- 

ented, with its pin 1 in hole 1 of the 
socket. Connect pin 7 to GND and pin 14 

to +5 V by moving matrix sliders corre- 
sponding to these pins to the positions 
indicated. This will provide operating 
power to the IC. Now set the sliders for 
terminals 1, 3, 5, 9, 11, and 13 (the six 
inputs) to +5 V (logical 1) and note the 
conditions of the lamps. All lamps cor- 
responding to terminals that are con- 
nected to +5 V should be on (1) 
whereas all lamps corresponding to out- 
put terminals (2, 4, 6, 8, 10, and 12) 
should be off (0): we have already seen, 
in our discussion of gates. that IN- 

VERTER outputs should maintain states 
that are the inverse of their inputs. Try 
other combinations of input states and 
note that, if the IC is operating prop- 
erly, all outputs will be the inverse of 
their respective inputs. 

Thus, we can check the entire in- 
tegrated circuit at the same time . . . all 
six inverters, simultaneously. 

SN7400: Quad two -input nand 
gates 

This IC contains four two -input 
NAND gates on a single chip. Here again, 
we will perform tests on all parts of the 
unit simultaneously. Plug the circuit 
into the test socket, properly oriented. 
The truth table for each of the four 
NAND gates is as was given earlier. 
Make the initial settings as per Table II 
at the left. 

All input lamps should be at logical 
1 (on) and all outputs should be at logi- 
cal 0 (see truth table for a NAND gate). 

Now change the settings for the in- 

NUMBER /TYPE PIN NUMBERS 

SN7400 -QUAD 2 -IN 
NAND GATE 

1 

IN 
1A 

2 
IN 

1B 

3 
OUT 

1 

4 
IN 
2A 

5 

IN 

2B 

6 

OUT 
2 

7 

GND 
8 

OUT 
3 

9 
IN 

3A 

10 
IN 
3B 

11 

OUT 
4 

12 
IN 

4A 

13 
IN 
4B 

14 
VCC 

15 -- 16 -- SN7400 

SN7401 -QUAD 2 -IN 
NAND -O /C GATE 

OUT 
1 

IN 

1A 
IN 
1B 

OUT 
2 

IN 

2A 
IN 
2B 

GND IN 
3A 

IN 
3B 

OUT 
3 

IN 
4A 

IN 

4B 
OUT 

4 

VCC -- -- SN7401 

SN7404 -HEX INVERT 
GATES 

IN 
1 

OUT 
1 

IN 
2 

OUT 
2 

IN 

3 
OUT 

3 
GND OUT 

4 
IN 

4 
OUT 

5 
IN 
5 

OUT 
6 

IN 

6 
VCC -- -- SN7404 

SN7430 -8 -IN NAND 
GATE 

IN 
A 

IN 
B 

IN 

C 
IN 
D 

IN 
E 

IN 
F 

GND OUT N/C N/C IN 

G 

IN 

H 

N/C VCC -- -- SN7430 

SN7442 -4 TO 10 
BCD DECODER 

OUT 
0 

OUT 
1 

OUT 
2 

OUT 
3 

OUT 
4 

OUT 
5 

OUT 
6 

GND OUT 
7 

OUT 
8 

OUT 
9 

IN 

D 

IN 

C 
IN 
B 

IN 
A 

VCC SN7442 

SN7473 DUAL J -K 
M -S FLIP -FLOPS 

CLK 
1 

CLR 
1 

K 
1 

VCC CLK 
2 

CLR 
2 

J 

2 

NO 
2 

Q 
2 

K 

2 
GND Q 

1 

NQ 
1 

J 

1 

-- -- SN7473 

SN7474 -DUAL D -EDG 
TRIG FLIP -FLOPS 

CLR 
1 

D 

1 

CLK 
1 

PRE 
1 

Q 
1 

NQ 
1 

GND NQ 
2 

Q 
2 

PRE 
2 

CLK 
2 

D 

2 

CLR 
2 

VCC -- -- SN7474 

SN7480 -GATED FULL 
ADDER 

Ba B 

c 
C 
n 

NC 
n+ 1 

SUM NSUM GND A 
1 

A 
2 

A* A 
C 

B 

1 

B 

2 

VCC -- -- SN7480 

SN7486 -QUAD 2 -IN 
EXCL -OR GATES 

IN 
1A 

IN 
1B 

OUT 
1 

IN 
2A 

IN 

2B 
OUT 

2 

GND OUT 
3 

IN 
3A 

IN 

3B 
OUT 

4 

IN 
4A 

IN 

4B 
VCC -- -- SN7486 

SN7490 -DEC CNTR- 
DIV BY 2 +5 

IN 
B -D 

RST 
0 -1 

RST 
0 -2 

N /C VCC RST 
9 -1 

RST 
9 -2 

OUT 
C 

OUT 
B 

GND OUT 
D 

OUT 
A 

N /C IN 

A 
-- -- SN7490 

SN7491 -8 BIT SHIFT 
REGISTER 

N/C N/C N/C N/C VCC N/C N/C N/C N 

CP 
GND IN 

B 

IN 
A 

Q NQ -- -- SN7491 

SN7492 -DIV 12 -CNTR 
DIV BY 2+6 

IN 
B -C 

N/C N/C N/C VCC RST 
0 -1 

RST 
0 -2 

OUT 
D 

OUT 
C 

GND OUT 
B 

OUT 
A 

N/C IN 
A 

-- -- SN7492 

ABBREVIATIONS: IN -INPUT 
OUT -OUTPUT 
GND- GROUND 
VCC- SUPPLY VOLTAGE 

CLK -CLOCK 
CUR-CLEAR 

Q -FLIP FLOP OUTPUT 
NO- INVERSE Q ( "NOT" Q) 

PRE -PRESET INPUT 
N /C -NO CONNECTION 
RST -RESET 
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puts to correspond to the other input 
combinations shown in the truth table 
for a NAND gate to see if the outputs 
conform to those given. 

SN7401: Quad two -input nand 
gates with open collectors 

Testing of these NAND gates is sim- 
ilar to that procedure already discussed 
above for the SN7400, except that these 
gates have open -collector outputs and 
require the addition of "pull -up" resis- 
tors to drive the indicator lamps. Pull - 
up resistors are normally connected be- 
tween the outputs and +5 V. This is 
done in the DIGI -DYNA -CHECK as fol- 
lows: 

Move slider W to +5 V to bring 
+5 volts out to binding post W. Now, 
connect pins 1, 4, 10, and 13 (the NAND 
gate outputs) to binding posts A through 
D, respectively, via their matrix sliders. 
You can now connect the required resis- 
tors (approx. 1000 to 4000 ohms). 

Connect V, and ground and set 
the inputs as before (for the SN7400) 
observing the proper terminal con- 
nections for the SN7401, and carry the 
gates through their various input combi- 
nations as before. 

SN7473: Dual J -K flip -flops 
This integrated circuit contains two 

complete J -K flip -flops in a single pack- 
age. For the sake of simplicity, and 
since both flip -flops operate identically, 
we will only go through the tests for one 
of them. After the IC has been properly 
inserted into the test socket, connect pin 
4 to +5 V and pin 11 to GND to supply 
operating power to the circuit. Let's go 
through a manual test, first. Set pin 1 

(CLOCK input) to the STEP position and 
pins 14 (J- input) and 3 (K- input) to one 
of the combinations shown in the truth 
table for a J -K flip -flop. Momentarily 
connect pin 2 (CLEAR) to GND and then 
to +5 V and leave it there. This is done 
to clear it, i.e., bring it to an initial state. 
Enter a "clock" pulse, manually, by de- 
pressing the STEP button one time only 
and releasing it. The outputs, Q and Q, 
should react according to that which is 
given in the truth table for the particu- 
lar combination of J and K inputs that 
you have entered. Clear the flip -flop 
again by momentarily grounding the 
CLEAR input (pin 2) and returning it to 
+5 V. Set the J and K inputs (pins 14 

and 3, respectively) to a different com- 
bination of logic states and then enter a 
clock pulse. Check the result once again 
and compare it with the truth table. Try 
the other two J -K combinations, refer- 
ring, again, to the table. You can also 
try entering several clock pulses for the 
1, 1 combination of J -K inputs. The 
outputs should oscillate back and forth 
between two states. The second flip -flop 
in this IC can be checked out in a sim- 
ilar manner, either separately, or simul- 
taneously with the first one, as above. 

To operate the flip -flops automati- 
cally, at a rate of 50 kHz. for monitoring 
input /output relationships with a scope, 
use the INT CLOCK setting instead of the 
STEP setting for the clock input. Set the 
matrix sliders corresponding to the out- 
put terminals of interest to positions A 
through D and move the sliders W 
through Z to the same positions as the 
input terminals of interest and connect 
the scope to the binding posts. For ev- 
ery two clock pulses, you should see one 
square -wave pulse at either of the two 
outputs. The two outputs (Q and Q) 
should be 180' out of phase. A flip -flop 
is, thus a divide -by -two device. 

The SN7490 contains four flip- 

Vcc 4B 4A 4Y 3B 3A 3Y 

10 

real 
0 ©_© Mir 6 m 
1A 1B 1Y 2A 2B 2Y GND 

S N 7400 

VCC NC H G NC NC 

flops that are internally wired to form 
separate divide -by -two and divide -by- 
five counters. These can be operated ei- 
ther separately with their own individ- 
ual inputs and outputs, or they can be 
wired, externally, together as a single 
divide -by -ten (decade) counter by con- 
necting the output terminal of the di- 
vide -by -two section to the input termi- 
nal of the divide -by -five section and 
using input A (to the first flip -flop) as 
the decade input. When it is operated in 
this mode, the outputs are in BCD 
code; the four outputs have the values: 

Output: A B C D 
Value: 2° 21 22 23 

(1) (2) (4) (8) 

VCC 4Y 4B 4A 3Y 38 3A 

r 
m_m_m_m_ _913 

4101 r 
6 11 

10 

1Y 1A 1B 2Y 2A 2B GND 

SN7401 
INPUTS OUTPUTS 

Y VcC ABC D 9 8 7 

VCC 6A 6Y 5A 5Y 4A 4Y 

1A 1Y 2A 2Y 3A 3Y GND 

SN 7404 

J Q Q GND K Q 

A B C D E F GND 

SN 7430 
2 2 PRESET 

CLEAR CLOCK 
VCc 2D 2Q 2Q 

0 1 2 3 4 5 6 GND 

OUTPUTS 
SN 7442 

Vcc B2 B1 AC A' A2 A1 

CLEAR K Vcc / CLEAR J 

CLOCK CLOCK 

SN7473 

Vcc 4B 4A 4Y 3B 3A 3Y 

1 

CLEAR 
1D 1 10 10 GND 

CLOCK 1 

SN7474 PRESET 

INPUT 
A NC A D GND 

B' BC C, E E GND 

SN 7480 

B C Q Q A 8 GND CP NC 

1A 1B 1Y 2A 2B 2Y GND 

A NC 

SN 7486 

A B GND C D 

BD Ro11)RO(2) NC Vcc R9111 R9121 
INPUT 

SN7490 

NOTES: 

NC -NO CONNECTION 
A & B- INPUTS Y- OUTPUTS 

E and E - SUM OUTPUTS 

BASING OF ALL IC's listed in the 
when you set up your IC tester to 

NC NC NC NC Vcc NC NC 

SN7491 

ALL ICS IN DUAL -IN -LINE PACKS 
TOP VIEWS SHOWN 

A" AND B'- Alternate inputs 

INPUT NC NC NC VCC R0111R0121 

BC 

SN7492 

table on the preceding page. You'll want these diagrams handy 

check out any of these units. 
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Thus the BCD -coded output of the 
decade counter is represented by the 
following conditions of the four flip - 
flop outputs: 

Number A B C D 
0 0 0 0 0 
1 1 0 0 0 

2 0 1 0 0 

3 1 1 0 0 
4 0 0 1 0 
5 1 0 1 0 
6 0 1 1 0 
7 1 1 1 0 
8 0 0 0 1 

9 1 0 0 1 

When the unit has counted ten input 
pulses, it automatically resets itself to 
zero and starts again. Let's now see how 
this IC is tested with DIGI -DYNA- CHECK. 

1. As separate +2 and +5 
counters - 

Make the following initial settings: 

Pin No Set to Remarks 
10 
5 

2 
3 
6 
7 

14 
1 

GND 1. To supply power to the 
+5V IC 

GND 
This deactivates the re- 

GND 
set inputs to permit the 

GND flip -flops to function 
GND 

STEP Input to the _ 2 counter 
STEP Input to the - 5 counter 

Momentarily move the sliders corre- 
sponding to pins 2, 3, 6, and 7 to +5 V, 
simultaneously, and then back to GND. 
This resets both counters to zero and al- 
lows input pulses to be counted. All out- 
put lamps should now be off (logical0). 
Depress the STEP button and release it 
to enter a single count pulse to both sec- 
tions. Repeat this four more times, com- 
paring the output logic states with those 

Input Pulses 
Lamp No ist 2nd 3rd 4th 5th Remarks 

12 (Output A) 0 0 1 
_ 2 counter 

9 (Output B) 1 0 0 0 

8 (Output C) 0 0 0 s- 5 counter 
11 (Output D) 0 0 0 0 

shown in the table above: 

2. As a single + 10 (decade) 
counter - 

Make the following changes in the 
matrix switch settings: 

Move Pin No 

12 

to Position 
A 

A 

Remarks 
This disconnects input of the 

5 unit from STEP and con- 
nects a jumper (bus A) be- 
tween the ÷2 output and 
+5 input. 

Reset all counters as described above 
and then enter ten pulses, noting 
whether the outputs correspond to the 0 
thru 9 BCD code given earlier. Here 
again, as in our earlier discussion in- 
volving the flip -flop tests, the use of the 
automatic INTERNAL CLOCK function in- 
stead of the manual STEP function per- 
mits you to use a scope to monitor in- 
put /output logic states and waveforms. 

Checking current drain IC 
It's a simple matter, with the DIGI - 

DYNA- CHECK, to route +5 volts to the 
V,.,. terminal of an IC, indirectly, via a 
pair of binding posts. An ammeter con- 
nected to the posts will then be in series 
with the power supply to the circuit and 
will indicate current drain. This is ac- 
complished by moving one of the slid- 
ers W through Z to +5 V, thus bringing 
+5 volts out to a binding post. Moving 
the slider corresponding to the IC's Vee 
terminal to one of the positions A 
through D will bring it out to a binding 

post. Current drain can be monitored 
continuously while performing other 
tests on the IC. 

We have seen that there are many 
ways in which the DIGI -DYNA -CHECK 
can be used to test digital ICs. A com- 
plete description of all of its uses is be- 
yond the scope of this article. The use of 
a matrix switch together with the in- 
put /output binding posts makes the 
checker almost universal. Any IC termi- 
nal can be connected to any function, 
either internally or externally. Where 
needed, special adapters can be made to 
accommodate package types other than 
14- and 16-pin DIPs. Thus, you might 
say that the DIGI -DYNA -CHECK is as close 
to obsolete proof as you can get! 

The multitude of ways in which 
this tester can be applied to digital IC 
testing is limited only by your imagina- 
tion! R -E 

Many readers have already asked 
"Where do I buy parts to build my 
own Digital IC Tester, as described in 
the May 1972 issue ?" The answer to 
that query was supposed to have ap- 
peared at the end of the parts list last 
month. As you must know by now, it 
did not. Therefore, we are presenting 
here, the listing that was omitted last 
issue: 
The following kits of parts are available from 
The Electronetics Co. Inc., P.O. Box 278, Cran- 
bury, N.J. 08512. 

DDC -1 consisting of 01 thru 036; D1 thru 
D5; bridge rectifier; IC1; matrix switch and DIP 
test clip: $54.50, including postage and insur- 
ance. 

DDC -2 consisting of a manual listing pin 
connections for many popular integrated cir- 
cuits, useful for programming the DIGI -DYNA- 
CHECK: $2.00 including postage. 

cb radio call light 
CB transceivers are often installed 

on motorcycles, sports cars, snowmo- 
biles and in countless other noisy loca- 
tions. The high noise level may cause an 
operator to miss an incoming call. An 
article in Electron magazine (Toronto, 
Ont.) shows how a call light can be 
added to indicate that a signal is being 
received. 

The circuit in Fig. 1 can be added 
to receivers that produce a negative -go- 
ing voltage at the squelch output when 
a signal comes on the air. The lamp 
turn -on voltage depends on the setting 
of the squelch control. The indicator 
circuit can also be driven by the emitter 
voltage of an rf transistor if this voltage 
swings negative on an incoming signal. 
With this arrangement, the lamp comes 

on with a S4-S6 signal. The circuit in 
Fig. 2 can be used in sets where an in- 

47K 

FROM 
SQUELCH 
OUTPUT 

6V LAMP----,, 

2N718A 

+ 2V 

2NI613 

Fig. I 

coming signal develops a positive -going 
voltage. 

FROM 
SQUELCH 
OUTPUT 

2N7I8A 

+12V 

6V LAMP' 

22K 

2NI613 

Fig.2 
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FRONT VIEW of the completed transistor curve 
generator. This compact instrument measures 
only 6" high x 4'/2" wide x 21/2" deep. 

TRANSISTORS AND OTHER SOLID -STATE 
devices are now found in all types of 
equipment. If you are involved in de- 
signing or servicing such equipment, the 
transistor curve generator described 
here will be a valuable addition to your 
test equipment. If you already own an 
oscilloscope, you will want to build this 
sophisticated, yet easy -to -use test in- 
strument. For the circuit designer, and 
even the experimenter, the combination 
of scope and transistor curve generator 
form a versatile tool for evaluating tran- 
sistor and other solid -state device pa- 
rameters. Service technicians will find 
the curve generator indispensable and a 
real time saver when troubleshooting 
and servicing all types of equipment, 
since the unit checks transistors and 
other solid -state devices in- circuit, as 
well as out of circuit. 

Using high -gain silicon Darlington - 
amplifier transistors, silicon program- 
mable unijunction transistors, silicon 
pnp transistors, and a ± 15 -volt in- 
tegrated circuit (IC) regulator in the 
transistor curve generator circuit, sim- 
plifies what would normally be a rather 
complex design. The clean straight- 
forward design results in an instrument 
that is easy to build, and even easier to 
use. Even the panel indicator light is 

solid- state! An LED (Light- Emitting 
Diode) is used to indicate when the 
power is on. 

When used with an oscilloscope, 
the transistor curve generator displays 
the dynamic characteristics of both npn 
and pnp transistors, field -effect transis- 
tors, diodes, Zener diodes, tunnel 
diodes, and other devices. It can be used 
with almost any scope that has a vertical 
sensitivity of 0.1 V /cm, a horizontal 
sensitivity of 2 V /cm, and a minimum 
bandwidth of 100 kHz. 

The instrument includes all the cir- 
cuits needed to generate the base steps 
and collector sweeps, and the internal 
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Build This Transistor 
Curve Tracer 
Used with your scope, the transistor curve tracer lets 
you check transistors and other solid -state devices 
in- circuit as well as out -of- circuit 

by CHARLES E. MULLETT, P.E. & CHARLES CARINGELLA, W6NJV 

PARTS 
All resistors are 'h -watt carbon. Tolerances are 
10% except as noted. 
R1 -330 ohms 
R2 -150 ohms 
R3, R10 -4,700 ohms 
R4 -1,800 ohms 
R5- 68,000 ohms 
R6, R19 -47 ohms 
R7- 33,000 ohms 
R8 -1,000 ohms 
R9- 15,000 ohms 
R11, R14, R18, R20, R21- 10,000 ohms 
R12- 47,000 ohms 
R13 -390 ohms 
R15 -82 ohms 
R16 -100 ohms, miniature circuit board trimmer 
(Mallory MTC12L1 or equal) 
R17 -820 ohms 
R22- 100,000 -ohm potentiometer, see text (Al- 
len- Bradley type "J ") 
R23 -1,500 ohms 
R24- 100,000 ohms, 5% 
R25, R26 -12 ohms, 5% 
R27- 910,000 ohms, 5% 
R28- 110,000 ohms, 5% 
R29 -20 ohms, 5% 
R30 -390 ohms, 5% 
R31 -620 ohms, 5% 
C1- 0.11.F, miniature disc 
C2 -.01 µF, mylar 
C3 -.002 1/F, mylar 
C4, C7, C8 -.05 µF, mylar 
C5, C6 -100 RF 35 -volt, printed circuit type elec- 
trolytic 
C9, C10 -10 RF, 25 -volt, printed circuit type 
electrolytic 
C11, C12 -270 pF, ceramic capacitor 
D1, D2, D3, D4, D5, D6 -1N914 silicon diode 
IC1 -Dual- polarity tracking regulator (Silicon 
General SG3501T) 
J1 -Red binding post 
J2 -Blue binding post 
J3 -Black binding post 
J4, J5- Transistor socket (TO-5 type) 

LIST 
LED -Light- emitting diode, with mounting clip 
(Monsanto MV5020 series, red solid -state lamp) 
P1 -Ac power plug 
Q1, Q9- Motorola MPS -A14, npn silicon Darling- 
ton amplifier 
02, 010- Motorola MPS -A65, pnp silicon Dar- 
lington amplifier 
03, Q5, 06, 07- Motorola 2N3905 pnp silicon 
Q4, 08- Motorola MPU -131, silicon program- 
mable unijunction 
S1 -dpdt miniature toggle (JBT type JMT -223 or 
equal) 
S2 -3 -pole double throw minature toggle (JBT 
type JMT -323 or equal) 
S3, S4 -spdt pushbutton (Switchcraft 953 or 
equal) 
S5- 3- position miniature lever (Oak 3991 -63- 
184) 
T1 -power transformer: primary 117 volts; sec- 
ondary windings: 33 volts ct rms @ 20 mA; and 
170 volts rms @ 2 mA. 
Printed circuit board 
Cabinet with handle 
AC power cord 
Strain relief for ac power cord 
Thumb screws, 6 -32 x 1/4" (2) 
Knob 
Small tapped angle brackets (tapped for 6 -32 
screws) (8) 
MISC -Shielded cable, screws, hex nuts, lock - 
washers, flat washers, hook -up wire, solder 

The following are available from Caringella 
Electronics, Inc., P.O. Box 327, Upland, Ca. 
91786. California residents must add 5% sales 
tax. 
Printed circuit board -No. TCG -1, drilled and 
printed with part numbers, $14.95 postpaid 
Power Transformer -No. PT -1431, $9.95 post- 
paid 
Set of semiconductors- $17.00 
Complete kit -No. TCG -1K, includes cabinet 
with printed panel, all parts and hardware, wire, 
and solder. Complete step -by -step instructions, 
$79.95 +$1.50 for handling and shipping. 

regulated power supply operates from 
the 117 -volt ac line. 

The number of front panel controls 
have been kept to a minimum, making 
the unit almost as easy to operate as a 
vom! Several unique features are built 
into the transistor curve generator: 

1. Simultaneous calibration of the 
vertical and horizontal channels in the 
scope is done by simply pressing the 
CALIBRATE button on the front panel. 

This eliminates any guesswork in 
analyzing the scope traces. 

2. Direct readout of transistor beta 
is available on the front -panel dial of 
the BASE DRIVE control. 

3. Both npn and pnp transistors can 
be tested consecutively without chang- 
ing any controls or switches. 

There are two transistor test sockets 
and a set of three binding posts on the 
front panel for testing various semicon- 
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FIG. 1- COMPLETE SCHEMATIC DIAGRAM. "V," switch, S2, is shown 
in the normal mode, which is the ±10 -volt, RI,= 500-ohm position. 
Switch S5 is the three-position lever switch. The LED is powered from tie 
#15 -volt unregulated aide of the power supply. 
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ductor devices. A three -position lever 
switch is located directly below the 
binding posts. It switches either socket, 
or the three binding posts into the cir- 
cuit. Standard 3/4-inch spacing is pro- 
vided between each binding post. The 
binding posts will accommodate a vari- 
ety of test leads, each terminated with 
clamp -on type clips, for in- circuit test- 
ing. Comparing or matching the pa- 
rameters of two transistors can be done 
quickly by simply using the two sockets 
on the front panel, and flipping the le- 
ver switch back and forth. 

The block diagram of the in- 
strument is in Fig. 2, and illustrates the 

COLLECTOR 
SAWTOOTH 

GENERATOR 

PULSER 

zontal amplifier and is displayed as the 
horizontal axis of the characteristic 
curves. 

Emitter current through the transis- 
tor under test is displayed on the scope's 
vertical axis by sampling the current 
through resistor network R29, R30, and 
R31, and feeding the resulting voltage 
waveform to the oscilloscope's vertical 
amplifier. Since emitter current is equal 
to the sum of base current and collector 
current, and since base current is small 
compared to collector current (by a fac- 
tor of the current gain, or "beta ") the 
display is a good approximation of the 
usual collector characteristics of a tran- 

BASE 
STAIRCASE 

GENERATOR 

1VAC 

+15 VDC 

1 

REGULATED 
POWER 
SUPPLY 

-15 VDC 

±200V 
SWITCHES 

t BETA 

FIG. 2 -BLOCK DIAGRAM of the curve generator illustrates the five basic sections of the circuit. 

B 

DEVICE 
UNDER 
TEST 

HORIZ 

TO SCOPE 

VERT 

five basic sections of the circuit. The 
power supply delivers + 15 volts and 
- 15volts to the signal generating circuits, 
as well as a ±200 -volt sinewave for the 
breakdown test. A * 12 -volt sawtooth 
waveform from the collector sawtooth 
generator also triggers the pulser circuit. 
The pulser circuit produces a short (17 µ 
sec) current pulse for each cycle of the 
sawtooth. This pulse advances the base 
staircase generator one step for each 
cycle of the sawtooth. The base staircase 
generator then produces 12 steps, from 
-12 volts to + 12 volts. The test 
switches deliver the proper signals to 
the device under test. 

The complete schematic diagram is 
in Fig. I, as are the base connections for 
the various transistors, diodes, and the 
light- emitting diode. Operation of the 
instrument consists of three modes: 
1. Normal mode 2. Breakdown mode 
3. Calibrate 
Normal Mode (Vc switch, S2, in the 
±10-volt, RL = 500 -ohm, position) 

Base current is delivered from a 

staircase of 2 -volt steps from -12 volts 
to + 12 volts through the BETA poten- 
tiometer, R22, which determines the 
base current per step. 

Collector voltage is supplied from 
the sawtooth generator through a 500 - 
ohm fixed load impedance. Collector 
voltage is delivered to the scope's hori- 
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sistor, namely, collector current versus 
collector voltage. 

Collector voltage is swept from 
-12 volts to + 12 volts during each step 
of the base current staircase. 
Breakdown Mode (Vc switch, S2, in the 
* 200 -volt, RL = 100K, position) 

In this mode, a ±200-volt sine 
wave is applied to the collector of the 
test transistor through R24, a 100,000 - 
ohm source resistor. This high source 
resistance limits test current to a maxi- 
mum of 2 mA to prevent damage to the 
device under test. Since the sole pur- 
pose of this test is to determine the col- 
lector breakdown voltage, the base 
drive is disconnected. To display both 
open -base breakdown (BVcEo) and the 
shorted -base breakdown (BVcES), a 
pushbutton switch is provided to open 
the base or short it to the emitter, as de- 
sired. Resistors R27 and R28 sample the 
applied collector voltage and reduce it 
by a factor of 10 for compatibility with 
the sensitivity of the horizontal ampli- 
fier of the oscilloscope. A horizontal 
sensitivity of 2 volts /division will then 
display 20 volts /division from the de- 
vice under test. Vertical deflection in the 
display is again derived from the emit- 
ter current resistor network, R29, R30, 
and R31. 

Note that in BASE SHORTED (push- 
button not depressed) one polarity of 

the sine wave displays BVcES, while the 
other half -cycle produces forward bias 
on the collector -base junction. In BASE 
OPEN (pushbutton depressed) one polar- 
ity of the sine wave produces BVcEo, 
while the other half -cycle forward 
biases the collector -base junction and 
displays this diode drop in series with 
BVEBO, the breakdown voltage of the 
emitter -base junction, another parame- 
ter of interest. 
Calibrate Mode (Vc switch, S2, in the 
±10 volt, RL= 500 -ohm, position) 

The system is calibrated by de- 
pressing CALIBRATE switch S4. For 
proper calibration, all test transistors 
must be removed from the test sockets 
and binding post connections. In the 
calibrate mode, the sawtooth waveform 
is applied simultaneously to the os- 
cilloscope's vertical and horizontal am- 
plifiers, producing a diagonal line dis- 
play. The sawtooth applied to the 
vertical channel swings from -0.2 volts 
to +0.2 volts, while the sawtooth ap- 
plied to the horizontal channel swings 
from -4 volts to +4 volts. By adjusting 
the oscilloscope's sensitivity controls so 
that the diagonal line is displayed across 
a 4 x 4 division grid, the oscilloscope 
will read 2 volts /division horizontally 
and 0.1 volt /division (corresponding to 
5 milliamperes /division) vertically. 

Let's look at the circuit 
A rather complex dual- output 

regulated power supply has been greatly 
simplified by using a unique integrated 
circuit regulator. The integrated circuit, 
IC 1, is a new Silicon General type 
SG350IT. It is actually a dual- polarity 
tracking regulator designed to provide 
balanced positive and negative output 
voltages. A total of 24 active elements 
(transistors and a temperature-com - 
pensated Zener diode) are included in 
this unique IC. The regulator output 
provides + 15 volts and -15 volts for 
the curve generator circuitry. 

The collector sawtooth generator is 
a simple unijunction sawtooth os- 
cillator. It uses a programmable uni - 
junction transistor, Q4, fed from a con- 
stant- current source, Q3. The sawtooth 
is delivered to the output via a com- 
plementary emitter follower composed 
of Q I and Q2. These are Darlington - 
amplifier type transistors and provide 
high current gain to avoid loading tim- 
ing capacitor C2. The sawtooth os- 
cillator frequency is approximately 550 
Hz, and results in a flicker -free display 
on the oscilloscope. 

The sawtooth is fed to Q5's base to 
make it saturate when the sawtooth is 
negative, and to be non- conducting 
when the sawtooth is positive. As a re- 
sult, a square wave is produced at Q5's 
collector, with its positive -going edge 
coincident with the negative -going tran- 
sition of the sawtooth. The positive 
transition of the square wave is coupled 
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to Q6's base via capacitor C3. This cuts 
off Q6 until capacitor C3 charges 
through R12 to return Q6 to its normal 
saturated state. While Q6 is saturated, 
Q7 cannot conduct, so no current ap- 
pears at its collector. During the brief 
"off" period of Q6, however, Q7's base 
voltage falls, causing it to conduct, with 
its collector current determined by po- 
tentiometer R16, which calibrates the 
base steps. This-current is delivered to 
the base staircase generator, and its 
magnitude determines the amplitude of 
each step in the staircase. 

The base staircase generator is an- 
other unijunction circuit similar to the 
collector sawtooth generator. Because 
capacitor C4 is fed from short pulses of 
current from transistor Q7, rather than 
from a constant -current source, its out- 
put is a staircase waveform with each 
"step" held at a fixed voltage by capaci- 
tor C4 between current pulses. Each 
current pulse raises the output voltage 
one step, until programmable uni- 
junction transistor Q8 fires and the 
staircase begins again. Q9 and Q10 
form another complementary emitter 
follower. R22 is the front -panel BETA 

control. 
S5 is a two -pole three -position le- 

ver switch. It simply switches the base 

and collector signals to either test socket 
or the binding posts, which all are lo- 
cated on the front panel. S2, the Vc 
switch, is a three -pole double -throw 
toggle switch, and is used to select the 
NORMAL or BREAKDOWN test mode. 

S3 is a normally closed pushbutton 
switch and is used for OPEN BASE opera- 
tion. This opens the circuit to the base 
of the device under test. 

CALIBRATE switch S4 is a normally 
open pushbutton switch. It connects the 
output of the collector sweep generator 
to the emitter circuit of the device under 
test and also loads this output. The re- 
sult is a -±.4-volt sawtooth at the hori- 
zontal output and a ±0.2 -volt sawtooth 
at the vertical output. 

Construction tips 
The entire transistor curve gener- 

ator circuit, with the exception of the 
various switches and controls, is assem- 
bled on a printed circuit board measur- 
ing only 31/2" x 5 ". An actual -size draw- 
ing of the circuit board pattern, as 
viewed from the copper -foil side, is in 
Fig. 3. An X -ray view of the circuit 
board is in Fig. 4. This view clearly 
shows the location of all components 
mounted on the top side of the circuit 
board. 

FIG. 3 -THE PRINTED- CIRCUIT board pattern, as viewed from the 
copper side, is shown here actual size. The board measures 3!, in. x 

5 in. 

The following sequence should be 
followed in building up the circuit 
board assembly. First install the jumper 
wire on the board. Solder in the six 
diodes next. They should rest flat 
against the circuit boar,. The integrated 
circuit goes in next. Space the IC about 
1/4" above the circuit board. Make sure it 
is oriented properly on the board before 
soldering. Once it has been soldered in 
place, it is extremely difficult to remove. 
In this circuit, the IC runs slightly 
warm, but a heat sink is not necessary 
for safe operation. All of the transistors 
should be installed next. Space them 
about 1/4" above the circuit board. 

The resistors can all go on the 
board next. Mount them vertically, with 
one end of each resistor resting against 
the board. Next mount all of the capaci- 
tors. Be sure to observe the polarity of 
the electrolytics. R I6, a printed- circuit 
type potentiometer, is installed next. 

Power transformer T1 is installed 
last. The leads from the secondary 
windings are connected directly to the 
circuit board, while the 117 -volt pri- 
mary leads are run directly to switch S 1. 

The high -voltage leads (blue leads) con- 
nect to holes H and G on the circuit 
board. Connect the low- voltage leads 

(continued on page 68) 

FIG. 4 -X -RAY VIEW of the PC board showing the location of all com- 
ponents on the "top" side of the board. The holes identified by letters are 
for the connecting leads to the switches and control on the front panel. 
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10 Reasons why 
RCA Home Training is 

your best 
investment 
for a rewarding 
career 
in electronics: 

Performing transistor experiments 
on programmed breadboard - using 
oscilloscope. 
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1 
LEADER IN ELECTRONICS 
TRAINING 

When you think of electronics, you im- 
mediately think of RCA ... a name that 
stands for dependability, integrity, and 
pioneering scientific advances. For over 
half a century, RCA Institutes, Inc., a 
subsidiary of RCA, has been a leader in 
technical training. 

2 RCA AUTOTEXT TEACHES 
ELECTRONICS FASTER, EASIER, 
ALMOST AUTOMATICALLY 

Beginner or refresher, AUTOTEXT, 
RCA Institutes' own method of pro- 
grammed Home Training will help you 
learn electronics more quickly and with 
less effort, even if you've had trouble 
with conventional learning methods in 
the past. 

3 WELL PAID JOBS ARE OPEN TO 

MEN SKILLED IN ELECTRONICS 

RCA Institutes is doing something posi- 
tive to help men with an interest in elec- 
tronics to qualify for rewarding jobs in 
this fascinating field. There are chal- 
lenging new fields that need electronics 
technicians ...new careers such as com- 
puters, automation, television, space 
electronics where the work is interest- 
ing and earnings are greater. 

4 WIDE CHOICE OF CAREER 
PROGRAMS 

Start today on the electronics career of 
your choice. On the attached card is a 
list of "Career Programs ", each of which 
starts with the amazing AUTOTEXT 
method of programmed instruction. 
Look the list over, pick the one best 
suited to you and check it off on the card. 

Construction of Multimeter. 

SPECIALIZED ADVANCED 
TRAINING 

For those already working in electronics 
or with previous training, RCA Insti- 
tutes offers advanced courses. You can 
start on a higher level without wasting 
time on work you already know. 

6 PERSONAL SUPERVISION 
THROUGHOUT 

All during your program of home study, 
your training is supervised by RCA In- 
stitutes experts who become personally 
involved in your efforts and help you 
over any "rough spots" that may develop. 

7 HANDS -ON TRAINING 

To give practical application to 
your studies, a variety of valuable RCA 
Institutes engineered kits are included 
in many programs. Each kit is complete 
in itself. You never have to take apart 
one piece to build another. They're 
yours to keep and use on the job. 

8 FCC LICENSE TRAINING - 
MONEY BACK AGREEMENT 

Take RCA's Communications Career 
program -or enter with advanced stand- 
ing and prepare immediately for your 
1st, 2nd, or 3rd class FCC Radio Tele- 
phone License examinations. RCA In- 
stitutes money -back agreement assures 
you of your money back if you fail to 
pass the FCC examination taken within 
6 months after completing the course. 

9 CONVENIENT PAYMENT PLANS 

You get a selection of low -cost tui- 
tion plans. And, we are an eligible insti- 

tution under the Federally Insured Stu- 
dent Loan Program. 

10 RCA INSTITUTES IS FULLY 
ACCREDITED 

RCA Institutes is an accredited member 
of the National Home Study Council. 
Licensed by N. Y. State -courses of study 
and instructional facilities are approved 
by the State Education Department. 

VETERANS: TRAIN 

UNDER NEW GI BILL 

SEND ATTACHED POSTAGE PAID CARD 
TODAY! FREE DESCRIPTIVE BOOK 
YOURS WITHOUT OBLIGATION! 

If reply card is detached, send this coupon 
today. 

L 

RCA INSTITUTES, INC. 
DEPT. 758 -206 -0 
320 W. 31 ST. 
NEW YORK, N.Y. 10001 

Please send me FREE illustrated career 
catalog. I understand that I am under no 
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Temperature experiment with transistors. 

Construction of Oscilloscope. 
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(red leads) to holes J and K. The center 
tap lead (red -yellow lead) is connected 
to hole M; ground. 

The remaining holes on the circuit 
board are used for the connecting leads 
to the switches and control on the front 
panel. The leads from the circuit board 
assembly to the front panel can be 
formed into one 8- conductor cable. 
(Fig. 5) 

FIG. 5- INSIDE VIEW of the completed Transis- 
tor Curve Generator. An 8- conductor cable is 
used between the circuit board assembly and 
the front panel. 

FIG. 6 -SIDE VIEW of the completed in- 
strument. 

The cabinet can be made from 
.050" sheet aluminum formed into two 
"U" shaped pieces. One piece is used 
for the front panel, and the other piece 
for the cover. The handle should be fab- 
ricated from slightly heavier gauge 
sheet aluminum. Tapped angle brackets 
hold the cover to the front panel. A to- 
tal of eight angle brackets is required. 
Four are used for the cover. The other 
four hold the circuit board assembly in 
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place. (see Fig. 6) Using the screw 
which holds one of the angle brackets in 
place, install a solder lug for the chassis 
ground connection. This "ground" sol- 
der lug should be installed at the loca- 
tion nearest the point -of -entry of the 
shielded output cable. 

Install two standard TO -S transis- 
tor sockets on the front panel. Lever 
switch S5 is installed directly below the 
binding posts. Three colors are used for 
the binding posts -black for emitter 
connection J3; blue for base connection 
J2; and red for collector connection J I. 
The LED (Light Emitting Diode) panel 
indicator light is located directly above 
the binding post. The type specified in 
the parts list comes with a plastic 
mounting clip. The two miniature 
toggle switches, S I and S2, can he in- 
stalled next. 

BETA potentiometer R22 is installed 
last. This control must be a high -quality 
molded composition potentiometer, 
with a ± 10% tolerance, such as the Al- 
len- Bradley type "J ". An actual -size 
drawing of the beta dial is shown in Fig. 
7. 

BETA (1 STEP /DIV) 

20 

40 

60 
80 

100 

240 

120 140 
160 

220 

200 

180 

FIG. 7- ACTUAL SIZE DRAWING of the dial for 
the "BETA" control. 

Once all of the parts have been in- 
stalled on the front panel, the unit is 

ready for final wiring. These con- 
nections are made between the circuit 
board assembly and the front cover: 

Hole A to chassis ground lug 
B to S2 
C to S4 
D to S2 
E to S2 
F to S2 
I to LED (positive or "plus" 

lead) 
L to R22 

The ac power cable is brought into 
the cabinet through the bottom of the 
front panel and connects to power 
switch SI. Use strain relief on the panel 
for the power cord. The oscilloscope 
connecting cable is not critical, and may 
be an ordinary 2- conductor shielded 
cable, or even two single -conductor 
shielded cables. One is used for the ver- 
tical output and the other for the hori- 
zontal output. 

Using the generator 
The LED panel indicator light 

should glow when the unit is turned on. 

This indicates that the unregulated 
+ I5 -volt side of the power supply is 
working. Next, the + I5 -volt and -15- 
volt dc outputs from the power supply 
regulator should be checked. Using a 
vom, read these voltages at C9 and CIO, 
with respect to ground, as shown in the 
schematic. If the voltages check out 
properly, proceed with the final adjust- 
ments. 

Connect the transistor curve gener- 
ator to your oscilloscope's vertical and 
horizontal inputs. Press the CALIBRATE 
button and a diagonal line trace should 
appear on the scope. The calibrating 
voltages are accurate to ±10%. Adjust 
the scope's vertical and horizontal sensi- 
tivity controls so the diagonal line is dis- 
played across a 4 x 4 division grid. The 
oscilloscope is now calibrated and will 
read 0.1 volts /division vertically, which 
corresponds to 5 mA /division. The ver- 
tical axis displays the collector current 
of the test transistor. In the normal op- 
erating mode, the scope will read 2 

volts /division horizontally, and in the 
breakdown mode, the scope will read 20 
volts /division horizontally. The hori- 
zontal axis displays the collector voltage 
of the test transistor. 

If you use an oscilloscope with 
triggered sweep, then its sweep gener- 
ator should be turned off to eliminate 
the possibility of Z -axis modulation of 
the display. 

The only internal adjustment re- 
quired is to set trimmer resistor R 16. 
This adjustment calibrates the base 
steps. First, plug a pup transistor into 
one of the test sockets on the front 
panel, and an npn transistor into the 
other socket. Now, turn the BETA con- 
trol fully counterclockwise (pointing to 
"240" on the dial). Flip lever switch S5 
back and forth, so the pnp and npn 
transistor curves are alternately dis- 
played on the scope. Adjust the trimmer 
resistor so only five curves appear for 
the pnp display, and likewise, five 
curves appear for the npn display. 
Switch back and forth between the two 
transistors until this has been done. The 
end result should look like the family of 
curves shown in Fig. 8. Fig. 8 -a is the 
typical display for a pnp transistor. Fig. 
8 -b is the typical display for an npn 
transistor. 

The base steps are now calibrated. 
Beta for the transistor under test can be 
read directly from the dial by simply 
turning the BETA control for a spacing 
of one division between curves in the 
display. The spacing between curves in- 
creases as the BETA control is turned 
clockwise. 

Fig. 8 -c shows the breakdown for a 
2N2369 npn transistor. This is actually a 
double exposure. Reading left to right, 
the first and third lines on the trace are 
produced when the OPEN BASE pushbut- 
ton is depressed. When it is not de- 
pressed, the second and fourth lines ap- 
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pear on the trace. Be careful when 
checking metal -can transistors in the 
breakdown mode. There is high voltage 
between the transistor case and ground 
since the collector is tied to the case in 
most types. The current is limited to 
only 2 mA, so it is not dangerous. 

A typical n- channel junction FET 
is shown in the display in Fig. 8 -d. 
When checking FET's, the drain is con- 

FIG. 8- TYPICAL OSCILLOSCOPE DISPLAYS shown here are as fol - 
lows:a -pnpp transistor, b -npn transistor, c- 2N2369 breakdown test, 
with traces readöng left to right, BVEUO + C -B diode, C -B diode, BV,,o, 
and BV,'E,, (Note that this photo is actually a double exposure), d -n- 
channel junction field- effect transistor, e- 6-volt Zener diode, and f -pnp 
transistor "In circuit ". 

nected to the collector test point, the 
gate is connected to the base test point, 
and the source is connected to the emit- 
ter test point. 

Diodes are connected between the 
emitter and collector test points, and 
may be oriented either way. A typical 6- 
volt Zener diode is shown in Fug. 8-e. 

A typical pnp transistor, measured 
in circuit, is shown in Fig. 8 -f. When 

making in- circuit checks, the power to 
the equipment under test should be 
turned off! In- circuit testing of transis- 
tors is strictly a "go /no -go" type of test, 
since the family of curves will vary dras- 
tically from those produced out- of -cir- 
cuit. The transistor curve generator will 
spot defective transistors quickly and ef- 
ficiently, and should make a worthwhile 
addition to any service facility. R -E 
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time savers- 
why you should 

Time is money - 
new tools and techniques 

help you save both 

by JACK DARR 
SERVICE EDITOR 

This column is for your service 
problems -TV, radio, audio or gen- 
eral and industrial electronics. We 
answer all questions individually by 
mail, free of charge, and the more in- 
teresting ones will be printed here. 

If you're really stuck, write us. 
We'll do our best to help you. Don't 
forget to enclose a stamped, self -ad- 
dressed envelope. Write: Service Edi- 
tor, Radio -Electronics, 200 Park Ave. 
South, N 'sr York 10003. 
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R -E's Service Clinic 

A LONG TIME AGO, I HEARD A VERY 
wise man make a speech at a conven- 
tion. He made a point that has stuck 
with me ever since. To him, there are 
two types of electronics technicians; the 
professionals, and the "hobbyists." Both 
are in this bewildering business of ours 
because they like it. However, the pro 
does it to make money! The hobbyist 
actually does it for fun. He won't use 
the right business methods, and he 
won't use special tools, test equipment, 
etc. to save time. The pro, on the other 
hand, is always on the lookout for 
things like this -he knows that they'll 
save him time, which in this business 
means money. 

There are a lot of these, lately. 
Let's look at a few of them. This'll be a 
kind of mixed bag, for we won't have 
time to go into all of 'em. Keep your 
eyes open each time you visit your 
friendly radio -TV parts supply house. 
They often have these things on display. 
(Also, keep an eye on the small ads in 
the back pages of Radio -Electronics! 
You'll find a lot of 'em there (Adv't!).) 
Look for small tools and things that can 
help you get through some of the hard 
jobs in less time. 

For one example; Xcelite makes a 
special nutdriver, with a shank 2 feet 
long or more. This will get the tuner out 
of a lot of Zenith, etc. models in about 
'/3 the time you used to need. They also 
make very short ones, for the opposite 
cases; tight places where you can't get 
the standard 6 -7 -inch nutdrivers into. 

If you work on sets with integrated 
circuits in 'em (and we're going to, more 
and more, it looks like), Techni -Tool, 
Inc., 1262 Arch St., Phila., Pa. 19107, 
has a kit of things which will help. This 
includes a small soldering iron, with a 
set of special tips. One of these is de- 
signed for heating and loosening all of 
the pins of a 10, 12, 14 pin DIP (Dual - 
In -line Package) IC at once. The IC 
can then he lifted out easily without 
damage. Another tip has 14 small pins 
in the same shape. This is for opening 
up all of the tiny holes in the PC board 
after an IC has been taken out. A third 
tip looks something like a miniature 
snow- shovel! It is used for soldering all 
of the pins of an IC at once, on one 
side; or, for any job calling for heating 

of a good -sized area at the same time, 
for multiple -lead components. 

To work with these, a special "IC 
Extractor" tool has been designed. 
Looks like a pair of plastic pliers with 

.k 
metal jaws like a clam -shell digger 
bucket! These jaws are made of alumi- 
num; solder won't stick to them. 
They're spaced so they'll go between the 
pins of any standard DIP IC package, 
from 10 up to 32 pins. Spring -loading 
holds the IC firmly. You can get a 
handle on the things, by holding either 
of the extractor handles. This will speed 
up the most infuriating part of IC work; 
getting the things in and out of PC 
boards, or even IC sockets. If necessary, 
the same tool can also be used for re- 
moving or installing IC sockets, too. 

One of the handles of this tool is 
intentionally made so that it is the same 
width as the stock DIP IC package. If 
you get any of these delicate pins bent, 
just slip the IC over this handle, and 
you can straighten the pins with ease. 

The "A" version of this tool has a 
flat -ended, spring- loaded plunger be- 
tween the jaws. This is used for in- 
serting IC's into sockets or PC boards. 
After getting it in position, press down 
on the top end of the plunger, and the 
IC will be forced "home" without dan- 
ger of bending the pins. (I had occasion 
to bless this tool during the construction 
of a piece of kit test equipment, which 
used many many IC's. Very handy, es- 
pecially if you have occasion to be just a 

little bit shaky, or suffer from the 
"Technician's Trembles ".) 

The same tool can also be used for 
pulling transistors in TO -5 cases, getting 
resistors or capacitors out of tightly - 
packed PC boards, and similar jobs. 
You'll find a lot of uses for it as you go 
along. 

As the old vaudeville song used to 
go "Many other items I could mention ", 

www.americanradiohistory.com

www.americanradiohistory.com


but I'm running out of room. Just time 
for a few quickies: 

1. Extension harnesses, for pic- 
ture -tube, deflection and convergence 
yokes and high voltage. With these, you 
can work on the chassis of a TV on the 
bench, using its own picture tube and 
yokes. (Eby, Telematic) 

2. "Above- the- board" test socket 
adapters. Plugged into tube sockets, 
they lift the tube up, and provide test 
points for each element. No pulling of 
chassis to get at the underside. Can be 
bought for every tube -base in use today. 
(Pomona) 

3. Screw -holding screwdrivers. 
(Hunter) 

4. Special pliers, for doing odd - 
shaped jobs. Example; bent -nose long - 
nose pliers, with about th inch of the 
tips bent at right angles. There are 
places where only this type of plier will 
hold the part and let you get at it with a 
soldering -iron. (Klein, Utica) 

5. "End- cutters ". These look like 
longnoses, but have cutting blades right 
at the tip. Ideal for getting into crowded 
PC boards and clipping off leads, cut- 
ting out defective parts, and so on. 
(Klein) 

6. Locking -pliers or "seizers ". Like 
a surgeon's hemostat. Very long and 
thin, with notched locks in the handles. 
Useful for holding small parts for in- 
sertion or removal. (Xcelite) 

7. Simplest of all; a few pieces of 
plastic tubing or spaghetti. Get one 
piece which is just big enough to slip the 
case of a TO -5 transistor inside the end. 
Cut it about 6 inches long, and this is a 
"handy handle" for installing transistors 
in tight places. You can find tubing 
which will fit any of the other stock 
transistor cases, from the tiny epoxy 
types on up. A simple trick, but a real 
time -saver, 

As you go along, keep an eye out 
for these little jobs that give you a hard 
time. Then, stop for a minute and see if 
you can't figure out some kind of 
sneaky little gadget that will help out. 
You'll be surprised at the amount of 
valuable time you can save, with only a 
little ingenuity. Here's another example, 
sent in by a Canadian reader: To insert 
screws in tight places, just put a tiny dab 
of the gummy substance called "dum- 
dum" by auto -body repair men, on the 
end of your screwdriver blade. Stick the 
screw onto this, and it'll stay there until 
you can get the screw started. R -E 

Reader 
Questions 

SUBSTITUTE ULTRASONIC 
OSCILLATOR 

/'re got this old NATCO sound pro- 
jector. It works fine, but someone has torn 

FROM KIT TO CAR 
IN 80 MINUTES! 

Electronic ignition is "in ". Update your car 
with the TOPS in power, efficiency and re- 
liability - the TIGER SST capacitive dis- 
charge ignition (CD). 
The TIGER delivers everything other CD's 
promise - and more: quicker starting, more 
power, more gas mileage, tune -ups eliminated 
lifetime plugs and points, reduced repairs 
and pollution. 
The TIGER can be built and installed in 
your car in 80 minutes. The TIGER is 
unique! Errors in construction or incorrect 
installation will not harm the TIGER or the 
engine. The TIGER will not operate under 
either condition. 
The TIGER comes with a switch for TIGER 
or standard ignition for 12V negative ground 
only. 

SATISFACTION GUARANTEED 
or Money Back. 

Simpli -Kit $29.95 - Assembled $39.95 
POST PAID 

Send check or money order with order to: 

771 Star Corporation 
DEPT. R, P. O. Box 1946 

Grand Junction, Colorado 81501 
Circle 17 on reader service card 

ELECTRONIC 
TECHNICIANS! 
Raise your professional standing 
and prepare for promotion! Win 

your diploma in 

ENGINEERING 
MATHEMATICS 
from the Indiana Home 

Study Institute 
We are proud to announce two great 

new courses in Engineering Mathematics 
for the electronic industry. 

These unusual courses are the result of 
many years of study and thought by the 
President of Indiana Home Study, who 
has personally lectured in the classroom 
to thousands of men, from all walks of 
life, on mathematics, and electrical and 
electronic engineering. 

You will have to see the lessons to ap- 
preciate them! 

NOW you can master engineering 
mathematics and actually enjoy doing it! 

WE ARE THIS SURE: you sign no 
contracts -you order your lessons on a 
money -back guarantee. 

In plain language, it you aren't satis- 
fied you don't pay, and there are no 
strings attached. 

Write today for more information and 
your outline of courses. 

You have nothing to lose, and every- 
thing to gain! 

The INDIANA 
HOME STUDY INSTITUTE 

Dept. RE -6, P.O. Box 1189, Panama City, Fla. 32401 

Circle 18 on reader service card 

IT'S 
EASY TO 

ASSEMBLE 
A SCHOBER 
ORGAN! 

Includes easy to assemble 
walnut console kit. Amplifier, 
speaker system, optional accessories extra 
Only $1368 if you build your own console. 

THEATRE 

ORGAN 

*$1730 

You couldn't touch an organ like this in a 

store for less than $3500 -and there hasn't 
been a musical instrument with this vast 
variety of genuine Theatre Organ voices 
since the days of the silent movies! Haunt- 
ing tibias, biting strings, blaring reeds -the 
whole A to Z gamut of real pipe sounds that 
make the simplest playing a thrilling ex- 

perience and give the professional organist 
everything he needs. If you've dreamed of 
the grandeur of authentic big -organ sound 
in your own home, you won't find a more 
satisfying instrument anywhere -kit or no 

kit. 
You can learn to play it. And you can 

build it, from Schober Kits, world famous 
for ease of assembly without the slightest 
knowledge of electronics or music, for 
design and parts quality from the ground 

Circle 19 on reader service card 
JUNE 1972 

ri. 

up, and -above all -for the highest praise from 
musicians everywhere. 

Send right now for your copy of the full -color 
Schober catalog, containing specifications of 
the five Schober Organ models, beginning at 
$499.50. No charge, no obligation -but lots of 
food for a healthy musical appetite! 

The eRdle2t eÌ Organ Corp., Dept. RE -103 
43 West 61st Street, New York, N.Y. 10023 

Please send me Schober Organ Catalog and 
free 7 -inch "sampler" record. 
Enclosed please find $1.00 for 12 -inch L.P. 
record of Schober Organ music. 

NAME 

ADDRESS 

CITY_ _STATE ZIP 
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The AUTOMATIC 

RANGING 

DIGITAL 
MULTIMETER 

with the 
BEAUTIFUL 

FIGURE: 

=319.95 
Pleas a few other figures which 
make t :t $319.95 (stock 
delivery) look even more beau- 
tiful ! The auto ranging Miida 
6354 measures AC and DC 
voltage, AC and DC current, 
and resistance ; on 27 ranges ; 
with a voltage accuracy of .1% 
(DC) and .5% (AC 1 ; resist - 
awe measurements .zp to 200 
megohms ; 45-Hz to 20 kHz 
frequency response; weighing 
in at under 5 lbs. ; -and a host of 
technical refinements that 
engineers love. All solid- state, 
fully ai.tomat_c ...at a price 
that makes it a research -lab 
bargain and prcdluction -line 
affordable! Contact one of the 
most respected names in elec- 
tronics : Miida Electronics, a 
division of Marubeni America 
Corp., .2 Hamtnerskj 3ld Plaza, 
New York, N. Y. 10017/ 
Phone , 12) 
973 -7152. 

Distr.batai-slips availablE 

up the ultrasonic oscillator circuit for the 
exciter lamp filament, beyond recognition. 
Do you know where I can get a circuit on 
this, or a transformer for it ? -N.S., Wa- 
terbury, Conn. 

Sorry. No data on replacement os- 
cillator transformers for this one. How- 
ever, how about using dc? The purpose 
of the ultrasonic filament supply is to 
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CAPACITOR 

OCTAL TUBE 
BASE 

+6V DC 

TO 

6.3 VAC 
FIL 

CONNECTIONS 
f 2-7) 

i1O2OOuF OUT 

T 
25V 

Z 
get away from 60 -Hz hum. 

Mount a 1.5 -amp silicon diode and 
a low- voltage electrolytic filter capacitor 
in an old tube base, and plug it into the 
original 6V6 oscillator tube socket. Con- 
nect the diode to the original filament. 
Use about a 100 to 200 -MF. 25 -volt ca- 
pacitor, and you should get enough fil- 
tering to take out any ripple. 

SLOW RISE CATHODE CURRENT 
In a Sylvania DO -5 color TV the 

horizontal output tube cathode current 
starts out within limits, and .slowly rises 
over a long period of time. It frill get up to 
300 to 40(1 mA. Picture, width, contrast, 
brightness, etc. all stay within limits until 
the current gets way up there. Grid drive, 
regulator, boost, etc have been checked. 
Bias has been clamped on 42KN6 with no 

AC SOURCE 
TO TUNER 
HEATERS 

6GH8 
6CL8 I2DM8 

42KN6 12BVI I 

12 5 4 4 5 

REMOVE 

ADD 

70E2 

18 -WATT 

4 1 12 

help. All dc supply voltages within limits. 
Help! -C.B., Greensboro, N.C. 

You've already checked all of the 
regular things. So look for something 
unusual. There are two odd -ball possi- 
bilities. One is a heater -cathode short in 
the next tube in the heater string. It 
would cause the heater voltage on the 
42KN6 to rise, and could cause the ex- 

cess current. 
The second :from a Sylvania Ser- 

vice Note, is the possible failure of the 
silicon rectifier used in series with the 
heater string. It was used in early pro- 
duction runs of the DO -5 chassis. They 
recommend replacing it with a 70 -ohm 
I8 -watt resistor. 

REPLACEMENT PIX TUBE 
This Olympic 3P48 imported TV 

seems to have a bad pix -tube heater. It 
goes on and off at odd intervals. Voltage 
supply OK, socket OK, and so on. 1 can't 
find a replacement listed anywhere for it, 
and the company doesn't answer my let- 
ters. 

This is a "310GB4" tube. Do you 
know of a substitute ? -C.C., Cornwall; 
Ontario. 

After much searching of character- 
istics lists, tube manuals, and so on, I 

may have come up with one. The char- 
acteristics of the original are: 12 -inch 
rectangular, 110' deflection angle. 12- 

volt heater at 75 mA. The heater in this 
little set is fed directly from the + 12 

HEATER PINS 

7GR BASE 

volt supply for the transistors. 
Wonder of wonders, I located a 

tube in the Sylvania Technical Manual, 
13th Edition. It is a 12BVP4, and all of 
the characteristics match, even to the 
12 -volt 75 -mA heater. Also, and even 
more unusual, the base seems to be the 
same. It is a "7GR" base, 7 pins. So 
with crossed fingers, I'd say that it ought 
to work. 

US vs U.K. TV STANDARDS 
I'm being transferred to England. 

Can I use my American TV there? I un- 
derstand their line voltage is 220 volts at 
50 Hz. Wouldn't a step -down transformer 
take care of that ? -E.B., Dover, Del 

The line voltage would be the least 
of your troubles. (Learn to say "mains "; 
that's English for line voltage.) The 
standard NTSC US TV set wouldn't 
work very well on either of the British 
TV systems. 

BBC -1 uses a 405 line system, 50- 
Hz vertical, positive -going video modu- 
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lation (opposite to ours), sound on AM 
instead of FM. BBC -2, and ITA use a 
uhf system, and most of it will be on the 
625 -line CCIR system, as I get it. This is 

closer, but still no cigars. Color is even 
worse. They use the PAL system, which 
is incompatible with NTSC. 

Incidentally, you'll find a flourish- 
ing TV rental system in the British Isles. 
My English friends tell ale that they 
rent more sets then they sell. Your best 
bet would probably be to rent one for 
the duration of your stay. Many English 
housing developments have the "telly" 
wired -in, with special receivers. This 
service goes with the apartment, so it 
might help, too. 

BURNT RESISTOR, IMPORT VOM 
I have a Midland vom, model 23- 

101. This is an import. There's a resistor 
burned up; goes from the " -" terminal to 
the .switch. Can't read the value. Can you 

>. 
cc 

o 
METER 

MOVEMENT 

BACK VIEW, 
COVER OFF 

help?-H.E., Ottawa, Ont. 
Yep. It is a 4.5 -ohm wirewound. 

You can probably get a I% resistor in 
that value, or make one, by winding 
fine resistance wire on a 2.2- megohm 
resistor, etc. Use silk- covered wire. 

\, sezvne I T7 
iuMirlffufj 

"I woke up Fred so you could see how the 
set looked before we lost the picture." 

RF AGC TROUBLE 
This Motorola TS -454YC portable 

has developed a peculiar condition. Acts 
very much like agc trouble, but there is no 
agc adjustment on this chassis. All volt- 
ages, etc seem to be OK and tube replace- 
ment didn't help. -D.L. Wash. D.C. 

Yep. This could be a thermal 
trouble in a printed- circuit unit in the 
agc circuit. The 12.0 -megohm resistor 
could be drifting from heat, and up- 
setting the rf agc bias. It can be replaced 
with a duplicate, or with separate series 
resistors if you can't locate the right 
value. Thermal drift in any of these re- 
sistors would upset agc. R -E 

RF 
5! 4.7 MEG 2.2 MEG 1 

1F 
AGC I I AGC 

12.0 680k 
MEG 

L - - ---I --- -J 
4 13 

+140V AGC 
PLATE 

2 
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A SUBSCRIPTION INCLUDES A COMPLETE "FILE" YEAR OF: 

COLOR TELEVISION DATA 

B & VV TELEVISION DATA 
RADIO DATA 

PHONOGRAPH DATA 
TAPE RECORDER DATA 

"GOLDENROD" BULLETINS 
PARTS TIPS 

SERVICE TIPS 

"PLAIN TALK" PERIODICALS 

COMPLETE INDEX 

"File- 1972" Service Data including 2 binders $19.95 
"File- 1972" Service Data subscription $14.95 
(Binders available separately -$2.95 each) 
Previous years Data ($12.50 per set) File: 710, 700, 690,68 Li 

Amount enclosed: $ 

NAME 
(Please Print) 

STREET ADDRESS 

CITY STATE ZIP CODE 

Your order will be processed promptly upon receipt of your check 
or money order in the amount indicated above 

SEND TO: RCA CONSUMER ELECTRONICS 
600 N. Sherman Drive, Indianapolis, Ind. 46201 

ATTN: Technical Publications, 8 -106 (Or Contact Your Distributor) 
Note. Prices Subject To Change Without Nonce Postpaid U.S.A. only 
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new products 

More information on new products is available from the manu- 
facturers of items identified by a Reader Service number. Use the 

Reader Service Card on page 103 and circle the numbers of the 

new products on which you would like further information. De- 

tach and mail the postage -paid card. 

COLOR TUBE TESTER, EKG, test in- 
strument to predict accurately if rejuve- 
nated color tube will last for at least six 
months. Field- tested for over four years on 
thousands of color duds, the EKG has a 
proven accuracy exceeding 98 %. Simply 
connect the unit between the color tube 

and any standard CRT tester -rejuvenator. 
No dials to turn, no switches to throw or 
meters to read. The tester automatically 
checks all three cathodes simultaneously 
and gives results in just 60 seconds. 
$49.95. -EKU, Inc., 12401 Mt. Pleasant 
Drive, Laurel, Md. 20810. 

Circle 31 on reader service card 

AUTOMATIC TELEPHONE DIALER, dual 
channel, with line seizure, time delay, anti - 
jam signal, abort, automatic reset, built -in 
tester, and rechargeable power supply. 
The dialer has precise, automatically gov- 
erned motor which will maintain constant 

speed even under different voltage condi- 
tions. Speed variations which can lead to 
garbled messages are prevented. Unit has 
precision molded part to guide the tape 
and serve as mounting for the magnetic 
"reading" head. Perfect alignment be- 

74 RADIO -ELECTRONICS JUNE 1972 

tween the head and the tape, necessary 
for reliable message transmission, is as- 
sured. Other features include patented 
shut -off circuit requiring only one stop 
post and a "non- stick" pressure roller 
made of a material which won't flatten, 
even if the unit is not triggered for several 
months. -Alarm Device Mfg. Co., Div. Pitt- 
way Corp., 165 Eileen Way, Syosset, N.Y. 
11791. 

Circle 32 on reader service card 

SPEAKER SYSTEM, Poly -Sonic model 
E -41, is an outdoor and indoor bi- direc- 
tional hi -fi paging system of all- weather 
design. The high- temperature high -impact 
styrene enclosure comes in colors with 
complementary trim and all necessary 
hardware to allow you to stand, hang or 
mount the unit anywhere. The model E -41 

has 40 watts peak, frequency range of 50 
Hz to 20 kHz, input impedance 8 ohms. 
The unit is two inches by 13'/4 inches x 

161/4 inches and weighs less than 4 lbs. It 
comes in ivory white or walnut brown 
color finish. $23.95. -Magitran Co., 311 
East Park St., Moonachie, N.J. 07074. 

Circle 33 on reader service card 

POWER AMPLIFIER, model QM -800. 4- 
channel quadrasonic power amplifier with 
four independent level meters directly cor- 
related to corresponding front (left and 
right) speakers and rear (left and right) 
speakers. Meter sensitivity can be ad- 
justed in three stages -0 dB, -10 dB, and 
-20 dB- permitting precise setting at all 
times. Input sensitivity /impedance is 
0.5V/70 kilohms; 1V/110 kilohms and 

2V/170 kilohms. Power bandwidth (IHF) is 
5 Hz to 50,000 Hz, with two channels 
driven across 8 ohms, and 10 Hz to 50,000 
Hz with 4 channels, 8 ohms. Harmonic dis- 

tortion less than 0.5 %. Response 5 Hz to 
80,000 Hz, ± 

1 dB. $299.95. -U.S. Pioneer 
Electronics Corp., 178 Commerce Road, 
Carlstadt, N.J. 07072. 

Circle 34 on reader .service card 

STEREO PREAMPLIFIER, model IC -150, 
features 7- position input selector, tape 
monitor for two recorders, HF and LF fil- 
ters, tone control cancel (for flat), and 
loudness -volume selector. Frequency re- 
sponse ±0.6 dB at 3 Hz to 100 kHz with 
hi- impedance load; power requirement 

about 2 watts at 120 V or 240 V 50 to 400 
Hz ac; volume control over 60 dB dynamic 
range with calibrated tracking. Comes 
with optional 5 -D walnut cabinet, $33.00. 
Without cabinet, $269.00. -Crown Inter- 
national, Box 1000, Elkhart, Indiana 
46514. 

Circle 35 on reader service card 

TURNTABLE, Realistic /Miracord 45. Top - 
of- the -line automatic turntable comes 
complete with walnut wood base and fac- 
tory- installed elliptical diamond -stylus 

stereo cartridge. Features push -button op- 
eration, four -speed turntable, tracks as 
low as 3/4 gram, to minimize wear. Has vis- 
cous- damped cuing, adjustable anti -skate 
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control, die cast platter and precision 
threaded counterbalance. Wow and flutter 
under 0.1%. Rumble, 50 dB below average 
recording level. $149.95. Optional dust 
cover for $12.95; 45 -rpm automatic 
spindle for $6.00.- Allied Radio Shack, 
2617 W. 7th St., Fort Worth, Texas 76107. 

Circle 36 on reader service card 

STEREOPHONE SYSTEM, model PEP - 
77C. Offers virtually flat frequency re- 
sponse and negligible distortion over en- 
tire audio range. Provides dual polariza- 
tion capability for self- energized and 
117 /Vac use. Features lightweight head- 
phone with Conform ear cushions and ad- 

justable headbands. Control console ac- 
commodates two sets of the headphones. 
Frequency response 10 Hz to 22,000 Hz; 
independent, separate grounds -1 per 
channel; 4 to 16 ohm impedance. $99.00 - 
Superex Electronics Corp., 151 Ludlow 
St., Yonkers, N.Y. 10705. 

Circle 37 on reader service card 

MICROPHONE, Beyer model M67. Dy- 
namic unidirectional moving -coil studio 
microphone has a very tight cardiod pat- 
tern even at extremely low frequencies. A 
special cartridge suspension eliminates 
the very poor handling characteristics 

generally associated with this type of polar 
pattern and keeps noises minimal. The mi- 
crophone is water and humidity proof and 
works under all temperature extremes. It 
has built -in windgag capabilities, separate 

windshield, and built -in speech- off -music 
switch. $95.00. -Revox Corp., 155 Michael 
Drive, Syosset, N.Y. 11791. 

Circle 38 on reader service card 

CASSETTE RECORDER KIT, model AD- 
110. Kit with reel -type performance specs 
has frequency response of -±3 dB from 30 
Hz to 12 kHz; hum and noise -45 dB, and 
less than 0.25% wrms wow and flutter. De- 
signed for full -fidelity recording and play- 

back of stereo or mono cassettes through 
existing hi -fi systems. Adjustable bias per- 
mits use of chromium dioxide tapes. Six 
pushbuttons control record, rewind, play, 
fast forward, stop- eject, and pause. Sepa- 
rate level controls and meters allow taping 

RUBBER 
MICROPHONE EXTENS ON 

AND REPLACEMENT CORDS 

ONLY MANUFACTURED RUBBER 
MICROPHONE CORDS AVAILABLE 

ANYWHERE 

EXTENSION CORDS: 
MEC -25, MEC -50, MEC -100 
WITH MALE AND FEMALE 
CONNECTORS ATTACHED 

REPLACEMENT CORD: 
MER -50 
WITH FEMALE CONNECTORS 
ATTACHED ON BOTH ENDS 

CABLE: BELDEN 8412 
CONNECTORS: ITT CANNON 

XLR- 3 -11C, XLR -3 -12C 
OR 

SWITCHCRAFT A3F, A3M 
Please Specify 

SESCOM, INC. 
Export 

P. 0. BOX 4155 Meridian /International 
INGLEWOOD, CA 90309 P. O. Box 64302 

Los Aneles, 
(213) 678 -4841 CA 90064, USA 

Circle 6/ on reader service card 

SAVE 
MONEY: 

A Delta Mark Ten Capacitive 
Discharge Ignition (CDI) System 

On Your Car Slashes Maintenance 
Costs And Increases Performance. 

Put a Mark Ten on your car and save 
by eliminating 3 out of 4 tune -ups. 
Save as gasoline mileage increases 
(up to 20 %). The Mark Ten CDI System 
also extends spark plug life, promotes 
more complete combustion and 
assures instant starts in all weather. 
It operates on any 6 or 12 volt negative 
or positive ground system. 

The Mark Ten B affords additional 
money saving advantages by dras- 
tically reducing combustion contami- 
nants and restoring power lost by the 
use of smog control devices. Equipped 
with handy switch for instant return to 
standard ignition, the Mark Ten B 
works with ANY 12 volt negative 
ground engine. Both systems install 
in ten minutes without rewiring. 

Order your Mark Ten or Mark Ten B 
today. Save money while you enjoy 
low maintenance and increased 
performance. 

Mark Ten (Assembled) $44.95 ppd. 

Mark Ten (Deltakit) $29.95 ppd. 
(Kits available in 12 volt only, 
positive or negative ground) 

Mark Ten B $59.95 ppd. 
t12 volt negative ground only) 

Superior Products at Sensible Prices 
Mfg. in U.S.A. 

Dept. RE-1 

DELTA PRODUCTS, INC. 
- -- GRANT .;N .. N COLORAD, r). 

,.., 242.9000 

Please send me literature immediately: 
Enclosed is $ 

Ship ppd. Ship C.O.D. 
Please send' Mark Ten B @ $59.95 ppd. 

Standard Mark Ten (Assembled) @ $44.95 ppd. 
6 Volt: Neg. Ground Only _ Positive Ground 
12 Volt: Specify _ Negative Ground 
Standard Mark Ten (Deltakit ") @ $29.95 ppd. 
(12 Volt Positive Or Negative Ground Only) 

Car Year Make 
Name 
Address 
City /State Zip 

Circle 62 on reader service card 
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NENN . 

E/l-3 l RC!, R 

I. NRNl C .k'l' 1.0G 
61 pages presenting 350 intrusion 
and fire alarm products for today's 
skilled alarm installers and electronic 
technicians. Includes the latest sys- 

tems and detectors, hard -to -find 
parts, accessories, and technical ap- 
plication notes on uses and circuit 
designs. 

alarm nPVl7 1u. 

nuountaill u -c iI , f aiai.m %uppl, co. 
4215 NORTH 16th STREET 
PHOENIX, ARIZONA 85016 

Circle 63 on reader service card 

any input from less than 100 mV to 10 
volts. $119.95 for kit; optional microphone, 
$19.95. -Heath Company, Benton Harbor, 
Mich. 49022. 

Circle 100 on reader service card 

TAPE CONTROL SYSTEM, Servo -Ma tic 
model 550. Turns off all hi -fi components 
at the end of any tape. Miniature low -volt- 
age switch installs inside any tape 
recorder to feed the motion sensing circuit 

of the control. The compact unit operates 
completely independently of the cassette, 
cartridge or reel, so no alteration of exist- 
ing tapes is required. Dual pilot lights blink 
alternately while unit monitors play, 

record, and rewind operations of tape 
recorder or deck. Turns itself completely 
off when tape stops. Kit is $22.50; Factory 
wired, $35.00. -Cymax Audio Accesso- 
ries, 162 Buffalo St., Hamburg, N.Y. 
14075. 

Circle 39 on reader service card 

MAGNETIC CONTACTS, model S6, of in- 
terest to alarm installers and industrial se- 
curity users. This miniature, easily in- 
stalled, concealed magnetic contact is 
designed to allow all wiring associated 
with an intruder alarm system to be "invis- 
ible", thus preventing shorting to disable 

the contact. Both the magnet and switch 
element are only 7/16 in. in diameter, per- 
mitting installation with any hand electric 
drill. After drilling the contacts are readily 
cemented in place with epoxy or RPV.- 
Mountain West Alarm Supply Co., 4215 
North 16th St., Phoenix, Ariz. 85016. 

Circle 40 on reader service card 
New Literature is orn page 84 

The FM- 2400CH provides an 
accurate frequency standard for 
testing and adjustment of mobile 
transmitters and receivers at pre- 
determined frequencies. 

The FM- 2400CH with its extended range 
covers 25 to 1000 MHz. The frequencies 
can be those of the radio frequency channels 
of operation and /or the intermediate fre- 
quencies of the receiver between 5 MHz and 
40 MHz. 

Frequency Stability: ± .0005% from +50° 
to + 104°F. 

Frequency stability with built -in thermometer 
and temperature corrected charts: ± .00025% 
from +25° to +125° (.000125% special 450 
MHz crystals available). 

Self- contained in small portable case. Complete 
solid state circuitry. Rechargeable batteries. 

WRITE FOR CATALOG! 

If1TfRNATIONAL it 
me 

UMW 
CI' Fm- 2400cH 

Tests Predetermined Frequencies 25 to 
Extended Range Covers 950 MHz Band 
Pin Diode Attenuator for Full Range Coverage 
as Signa! Generator 
Measures FM Deviation 

1000 MHz 

FM- 2400CH 
(meter only) $595.00 

RF crystals (with temper- 
ature correction) 24.00 ea. 

RF crystals (less temper- 
ature correction) 18.00 ea. 

IF crystals catalog price 

INTERNATIONAL 

CRYSTAL MFG. CO., INC. 
10 NO LEE OKLA. CÌT'. OKLA. 73102 
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new books 
VINTAGE RADIO (Greenwood's Classical Pictorial Album Re- 
vised, Edited & Expanded) by Morgan E. McMahon. Vintage Ra- 
dio, Box 2045, Palos Verdes Peninsula, Calif. 90274. 5% x 8 in., 
240 pp. Softcover, $3.95 ($4.15 in California). 

Though it claims modestly to be only a revision and expansion of 
Harold Greenwood's photographic museum of wireless equipment 
and radio appartus, the new material makes this a new and advanced 
work. Printed text -chapters that tell the history of radio and describe 
the equipment -are interspersed with the groups of photographs. 
They give the book continuity and help the younger reader (who 
wasn't around when the equipment was being used) to understand the 
photos. 

The expanded format has made it possible to include a number 
of illustrations (some of them classics) from publications of the pe- 
riod. A much greater number of ads -some from companies unknown 
after the '20's -bring hack memories of the sets that seemed ideal in 
those days, from the beautiful Atwater- Kent -long since gone -to the 
still -leading Zenith. Some pages of small -parts photos- interesting 
chiefly to people who were technicians at the time -have been omitted 
to include these. 

It is regrettable that the proofreader knew no radio. Almost all 
the errors are misspellings that could have been detected easily by a 
person familiar with the subject of the text. -FS 

HOME SECURITY MANUAL. Lew Williams & Associates, Box 
19905, Dallas, Texas 75219. Distributed by Jones Home & Lei- 
sure Products, Box 57, Talmadge Road, Clayton, Ohio 45315. 5 %2 

x 8 5/16 in., 40 pp. Softcover, $2.50. 
Improved home and apartment security is the subject of this 

manual. All phases of lock security, methods of forced entry. and bur - 
glar alarm systems are thoroughly discussed. Emphasis is placed on 
what the average home owner can do himself at moderate cost to 
make his home more secure against casual intruders and determined 
professional burglars. 

The author, a former Treasury Man and CIA agent, treats home 
security both from the point of view of the potential intruder and the 
seasoned security expert. 

RADIO- ELECTRONICS HOBBY PROJECTS. Tab Books, Blue 
Ridge Summit, Pa. 17214. 5% x 8' in., 192 pp. Softcover, $3.95. 

Five categories of projects are collected here: hi -fi stereo. music, 
automotive, home gadgetry, and test and measuring devices. They 
were each chosen to appeal to a wide range of interests and varying 
technical skills and construction dexterity -some simple enough to put 
together in an evening. others more complex and challenging. Each 
project has complete parts list, and applicable schematics, detailed 
drawings and construction procedures. Some sample projects are an 
FM stereo tuner, rhythm lights, road icing alarm. dancing Christmas 
lights. and a scope camera. 

WORKING WITH SEMICONDUCTORS, by Albert C. W. Saunders. 
Tab Books, Blue Ridge Summit, Pa. 17214. 511/16x8 11/16 in., 
224 pp. Hardcover, $7.95. 

Beginning with just enough background data on semiconductor 
technology, this book tells about the various semiconductor devices in 
use today. Exposes the make -up of diodes, transistors, and then corn- 
ponents combining the attributes and characteristics of both. Most of 
the book, however, deals with applications. Designed to serve as a 
study guide as well as an experiment -type project book, component 
values are included in most circuits. Fully diagrammed. R -E 

SUPERCLOCK IS COMING 
The end -all electronic digital clock story will appear ih 
the next issue of Radio -Electronics. It uses LED read- 
outs, has push- button switches for telling the time in 
other time zones, and provision for plug -ins that will 
keep the clock synced with WWV. Don Lancaster de- 
signed the clock and prepared the story. 

WANTED 

for a high paying 
& secure position 
as a... 

CIRCUIT 

DESIGNERS 

Salary: 

$12,000 to $17,500 

Requirements: 

BSEE or EQUAL 

ANY COMPANY 

EVERYWHERE, USA 

DEGREE REQUIREMENT WAIVED! 
The need for Circuit Designers is so great that employers 
will put aside the degree requirement to move up or hire men 
with these skills. In every industry there are men holding 
these prestigious positions who do not have a degree in en- 
gineenng. WHY NOT YOU? 

UP -TO -DATE TRAINING! 
Our programs are not a rehash of the electronics you already 
know, but intensive training in the electronics you do not 
know. They offer you "hands -on" learning of how to design 
circuits using the latest devices. Included are: transistors, IC's, 
FET's, IC power supply regulators, UJT's...plus more. ARE 
YOU READY FOR TODAY'S ELECTRONICS? 

LOW COST! 

Because these courses are highly specialized, you can choose 
a curriculum which best suits your needs. And, most impor- 
tant, you can learn at a price you 
can best afford. CAN YOU AF- 
FORD TO WAIT ANOTHER 
DAY? 

FREE Senti for literature on how you can 
qualify for training as a circuit designer. 

THE CENTER FOR TECHNICAL DEVELOPMENT 

517 E. Main St., Louisville, Oh., 44641 

Gentlemen, please send me complete details on your 
CIRCUIT DESIGN courses. 

Name Age 

Address 

7IP 

It is understood that there is no obligation on my part 
cc and no salesman will call. 

1=r111 

Circle 65 on reader service card 
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"At ComSonics we encourage all 
our technicians and engineers to 
enroll with CREI. Know why?" 
WARREN BRAUN, President. ComSonics Inc., Virginia Engineer Of The Year, 
ASE International Award Winner, CREI Graduate 
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Photographed at ComSonics, Inc., Harrisonburg, Va. 

"As a CREI graduate myself, 
I know the advantages of their 
home -study programs. CREI edu- 
cation has proven an excellent tool of con- 
tinuing education for our employees and 
for me. And I strongly believe in CREI's 
ability to teach a man to learn indepen- 
dently and to use reference materials on 
his own. 

As President of ComSonics,I see 
changes taking place in our Electronics 
business every day. We're in closed cir- 
cuit TV and acoustical engineering...and 
pioneered in Cable TV. CREI gives my 
men the knowledge they need to work in 
new areas...CREI's new course in Cable 
TV is an example. The CATV industry is 
expected to grow 250% in the next three 
years. I know the opportunities in Cable 
TV. I designed one of the first CATV sys- 
tems in 1950. But technical advances are 
constantly changing the field. And since 
CR El's experts know most of what's going 
on in all areas of Electronics, I know that 
CREI can give my men some of the im- 
portant, specialized training they'll need 
to maintain our position in Cable TV and 
our reputation in Electronics. 

"We've interviewed many technicians 
and engineers for jobs in the past year 
and had to reject them because their 
knowledge is archaic and out -of -date. A 
man is of no value to us if he doesn't keep 
up -to- date." 

Some of the biggest names in elec- 
tronics buy CREI courses for their own 
employees. CREI students and graduates 
prove themselves on the job. They move 
ahead of the pack by earning promotions 
and salary increases. 

The Future Belongs To You 
You've been in Electronics long 

enough to know that the field is chang- 
ing more rapidly than ever. New indus- 
tries, like Cable TV, are born almost over- 
night. But surveys show that three out of 
four men now working in Electronics 
aren't technically qualified to work in 
these new areas. Clearly, the future will 
belong to the man who gets the right edu- 
cation now. 

Start Learning At Home 
But what you learn depends on which 

school you choose. Here's why CREI is 
among the best. 

With the CREI program you study at 
home. At your own pace. There are no 
classes to miss, no work to make up. Each 
lesson is explained in clear, easy -to -read 
language. That's why many men do far 
better in home study than they ever did 
in school...even if they've been out of 
school for years. And the study habits they 
learn from CREI are sustained through 
life. 

As a CREI student, you'll be assigned 
to an experienced instructor who will 
grade your assignments and offer con- 
structive comments and criticism. If 
there's a special problem, the instructor 
will work with you until you understand it 
fully. You'll receive personal attention 
from your instructor because he deals 
with each student individually -as a class 
of one. 

What Will I Learn? 

You'll be learning the latest in ad- 
vanced technology, geared to specific 
industry programs. Both theory and prac- 
tical material are presented to meet all 
phases of job -related training needs. 

CREI courses are written for the man 
who knows basic Electronics. but whose 
advancement depends on keeping his 
technical know -how current. You choose 
what you want to learn. You study sub- 
jects which help you grow and advance 

in your present job and which relate to 
your career objectives. CREI offers you 
the opportunity to continue your educa- 
tion throughout your working life. 

Constantly Up -Dated Courses 
Because of rapid changes in Elec- 

tronics. CREI courses are constantly 
being revised and up -dated by profes- 
sionals who work in Electronics every 
day. New developments are included as 
quickly as they occur. Right now. CREI 
students are getting the latest up- to -the- 
minute information on such things as 
Cable TV, LSI chips, microminiaturization, 
lasers and masers, telemetry systems. 
servomechanisms, and data links. If its 
new in electronics. CREI -and you -will 
know about it! 

Developed By Top Scientists 
And Engineers 

CREI maintains a full -time advisory 
faculty of some of the top names in Elec- 
tronics. Each is a specialist in his own 
field, an expert who plans and develops 
CREI lesson material. After each expert 
submits his course plan, it is carefully re- 
viewed and written by the CREI educa- 
tional staff. Then each course is broken 
down into individual lessons. And they 
make certain each lesson is clear and 
self -explanatory. Just the right length 
for easy understanding and effective 
study. 

How Can I Qualify? 
If you ve read this far, your interest 

in getting ahead in Electronics is evident. 
Send for our famous book on how to pre- 
pare for tomorrows jobs In Electronics - 
the book that has helped thousands of 
men just like you get ahead. For your free 
copy. simply mail postpaid card today. 

01101 
Founded 1927 

Accredited Member 
of the National 
Home Study Council 

Free book tells you all about CREI pro- 
grams. For your copy, mail coupon, post- 
paid card or write: CREI. Dept. E1406C, 
3939 Wisconsin Avenue. Washington. D.C. 
20016 

CREI, A Division of the McGraw -Hill 
Continuing Education Company 
Dept. E1406C, 3939 Wisconsin Ave., 
Washington, D.C. 20016 

Please mail me free book describing CREI 
Programs. 

I am interested in:oCollege Credits for CREI Study 
oSpace ElectronicsoElectronic Engineering Technol- 
ogyComputersIndustrial ElectronicsNuclear En- 
gineering TechnologyElectronics Systems Engineer- 
ingoNontechnical Course in Computer Programming 
CATV Engineering 

Name Age 

Address_. 

City State Zip Cede 

Employed by 

Type of Present Work G.I. Bill 

APPROVED FOR TRAINING UNDER NEW G.I. BILL 
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Kleps 40 

Clever Kleps 
Test probes designed by your needs-Push to seize, push 
to release (all Kleps spring loaded). 
Kelps 10. Boathook clamp grips wires, lugs, terminals. 
Accepts banana plug or bare wire lead. 43/4" long. $1.19 
Kleps 20. Same, but 7" long. $1.39 
Kleps 30. Completely flexible. Forked -tongue gripper. Ac- 
cepts banana plug or bare lead. 6" long. $1.47 
Kleps 40. Completely flexible. 3- segment automatic collet 
firmly grips wire ends, PC -board terminals, connector pins. 
Accepts banana plug or plain wire. 61/4" long. $2.39 
Kleps 1. Economy Kleps for light line work (not lab quality). 
Meshing claws. 41/2" long. $ .99 
Pruf 10. Versatile test prod. Solder connection. Molded 
phenolic. Doubles as scribing tool. "Bunch" pin fits banana 
jack. Phone tip. 51/2" long. $ .79 
All in red or black - specify. For additional information, 
write for complete catalog of -test probes, plugs, sockets, 
connectors, earphones, headsets, miniature components. 

v Available through your local Pruf 10 
distributor, write to: 
RYE INN DUSTRIES INC. 
I_'c Spencer Place, Mamaroneck, N.Y. 10543 
In Canada: Rye Industries (Canada) Ltd. 

Circle 66 on reader service curd 

Kleps 10 - 20 

Kleps 30 

trt j 

: a 

Kleps 40 

Kleps 1 

INCIUBTRIEB 

AT UIST! PROFESSIONAL 
HOME PROTECTION 
EVERYONE CAN INSTALL 
AND AFFORD. 

Model FC-100 

WIRED 
995 

Start your custom 
Burglar /Hold -up /Fire Alarm 
System with the FC -100. 
Add on Sensors, Alarms 
and Accessories to suit your 
own needs. 
"Do -it- Yourself" Installers 
Handbook included. No 
technical knowledge needed - 
No soldering. 
100% Professional in Design, Reliability, 
Performance. 

fall safe. 
I sEGUPoTV 

CONTEO{ CENTER 

`fail Safe'-SYSTEM BY EICO 
A New Concept in "Do- it- Yourself "Home Protection 

FREE 32 PAGE EICO CATALOG 
For latest catalog on EICO Test Instruments, Stereo, EICOCRAFT 
Projects, Environmental Lighting, Burglar /Fire Alarm Systems, 
and name of nearest EICO Distributor, check Reader Service 
Card or send 250 for First Class mail service. 

EICO, 283 Malta Street, Brooklyn, N.Y. 11207 E/CO 
Circle 67 on reader service curd 
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try this one 

HANDY SCREWDRIVER 
When working on electronics cyuipment it is often nec- 

essary to replace screws and small bolts into difficult places. 
Rubbing the tip of your screwdriver on the permanent mag- 
net of a loudspeaker will magnetize the screwdriver enough 
to hold the screw on the blade while it is being guided into 
position. Julien J. Meyer 

BUILD A SOLDERING IRON GUARD 
Aaach!! I exclaimed as my arm touched the bare solder- 

ing iron where it rested on the wire holder. I vowed that it 
would never happen again. After some thoughts and a few 
crumpled papers in the waste basket, I gathered my materials 
together: hardware screen: block of wood (71/2x2x' inches): 
tin snips: slip _joint pliers: etc. 

I cut out the screen with the snips according to the pat- 
tern "A ". Folded the screen into a rectangular box being care- 
ful of the just cut edges. Then, I took my slip -joint pliers and 
bent the edges (180 °) about 1/4" all over the outside. The 
double edges made it safer and stronger. 

74 
3" 

5. 
2 

8" 

00 
óóóóáóó 
óáóóóóó 

HARDWARE 
SCREEN 

0 FOLD 90° 

END VIEW OF 
90° FOLD 

l4"jl" 
3/4" 2 
7Z' 

W000 

® TACK HARDWARE 
TO WOOD BLOCK 

FOLD 
UNDER 180° 

--H1/41- 

INSERT WIRE ® 
HOLDER IN SLOT 
OF HARDWARE 
SCREEN 

Placing the wire holder on the hoard exactly 1 '/á" from 
the end so that the hardware screen would just lit over the 
wire holder. I tacked the screen down to the board and it was 
finished. 

This is a one -night job and should take you less than an 
hour from start to completion. The materials and tools are 
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easy to find and should he in any hobbyist's tool box. The sol- 

dering iron cover might save somebody from a nasty burn 
someday. -Fred H. Horan 

OHMMETER TRANSISTOR TESTING 
When checking out -of- circuit transistors with an ohm- 

meter, it is something of a nuisance to hold the transistor 
while using the prods. 

A couple stiff rubber hands around some convenient part 
of the meter can be lifted to hold the transistor, freeing the 
hands for prod use. 

A spring type clothespin inserted under the elastics also 
makes a convenient clamp.- Arthur A. Aalto 

REED RELAY HOLDER 
Sure -you can leave that reed relax dangling. supported 

by the wires it's controlling. hut wouldn't it he better if it were 
mounted? If you have an extra fuse holder (or a couple of 
clips), just mount it then just slip the glass relay into it. In 
some cases you might have to tighten the tension on the clips 
of the holder.- Robert Conover 

SOLDER SEMICONDUCTORS SAFELY 
Don't worry about spoiling semiconductors, even germa- 

nium with short leads, if you solder them with Wood's metal 
(melting point 65.5' C), or some of the other low- melting al- 
loys I have not tried. Cool down the soldering tool so it barely 
makes water sizzle, have the metals to he joined very clean, 
and for flux try rosin dissolved in alcohol. If that doesn't 
work, use Kester or Nokorrode paste or acidified zinc chlo- 
ride solution and wash off with water and alcohol when done. 
Wood's metal has high resistivity, so keep its area large and 
the path through it short if the current is large. I have used it 
successfully with power SCR's. 

Thanks for this one to the late Professor Karl S. Van 
Dyke, the crystal decrement authority. He used to hang a 
large 20 -kHz quartz bar on a fine wire soldered with Wood's 
metal to the silver coating.- Alhert H. Taylor 

FORMING ELECTROLYTICS IN OLD EQUIPMENT 
When a receiver or other piece of ac operated electronic 

equipment has been out of service for a long period of time 
the electrolytic capacitors tend to develop excessive leakage. 
Good capacitors will usually form rapidly when the equip- 
ment is first turned on, but it is safer to subject the capacitors 
to lower voltage during the forming process. Each capacitor 
could be disconnected from the circuit and a forming voltage 
applied, but a far simpler method is to apply test voltage from 
the leakage -test circuit of your capacitor checker. The only 
precaution to be observed is to be sure that there is no bleeder 
to ground in the high -voltage circuit. A simple ohmmeter test 
from B + to ground will confirm this in addition to spotting 
any obviously shorted filter capacitor. A bleeder resistor or 
other dc path to ground would draw excessive current from 
the leakage tester and reduce the test voltage to a very low 
value. As the capacitors form up the leakage current will de- 
crease to a minimum fixed value and the test voltage will rise 
to a maximum fixed value. -F. J. Bauer R -E 

Clever Kleps 
Test probes designed by your needs -Push to seize, push 
to release (all Kleps spring loaded). 
Kelps 10. Boathook clamp grips wires, lugs, terminals. 
Accepts banana plug or bare wire lead. 43/4" long. $1.19 
Kleps 20. Same, but 7" long. $1.39 
Kleps 30. Completely flexible. Forked -tongue gripper. Ac- 
cepts banana plug or bare lead. 6" long. $1.47 
Kleps 40. Completely flexible. 3- segment automatic collet 
firmly grips wire ends, PC -board terminals, connector pins. 
Accepts banana plug or plain wire. 61/4" long. $2.39 
Kleps 1. Economy Kleps for light line work (not lab quality). 
Meshing claws. 41/2" long. $ .99 
Pruf 10. Versatile test prod. Solder connection. Molded 
phenolic. Doubles as scribing tool. "Bunch" pin fits banana 
jack. Phone tip. 51/2" long. $ .79 
All in red or black - specify. For additional information, 
write for complete catalog of -test probes, plugs, sockets, 
connectors, earphones, headsets, miniature components, 

Available through your local 
distributor, or write to: 
RYE INDUSTRIES INC. 
12 Spencer Place, Mamaroneck, N.Y. 10543 
In Canada: Rye Industries (Canada) Ltd. 

Circle 68 On reader service card 

ti o u r w, c. 

Kleps 10 - 20 

Kleps 30 

Kleps 1 

Is LISTEN TO: INSTANT,/ 
!1 

VHF SENTRY 
P- IO3 -5.. 

1[1(1C 

sou[.t 
ilJNF 

POLICE, FIRE, 

& WEATHER REPORTS! 
Perfect for 

Industrial, Commercial, Utility 
and Government Use 

SONAR SENTRY 

VHF MONITOR RECEIVERS 
ADJUSTABLE SQUELCH 

Designed and engineered for sim- 
plicity of operation, compact enough 
to fit a shirt pocket yet powerful 
enough to deliver a clear clean sig- 
nal - it's dependable Operates on 
three crystal controlled VHF chan- 
nels and tuneable broadcast band 
Adjustable squelch Completely 
solid state for long life use Visable 
battery indicator to show battery 
condition at all times Built in an- 
tenna 51/8 "Hx21 /2 "Wx1if6'D. 
Wt. 11 oz. 

With Battery & Earphone 
less Crystals 

Crystals $5.00 ea. 

MODELS 
FR- 103-SA 

SONAR RADIO CORPORATION I 

73 Wortman Ave., Brooklyn, N.Y. 112071 
Please send me information on VHF Monitor Receivers I 

150.175 MHz 

FR- 106 -SA 
(IN 4 FREQUENCIES) 

A -30.33 MHz- B33.38M HZ 

C- 38.44MHz -D -44.50 M Hz 

Name 

Address 

City State 

Dept. 491 

I 

Zip. 

Circle 69 on reader .service card 
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Fight 
Them All 

Heart Attack, Stroke 
High Blood Pressure 

Rheumatic Fever 

GIVE.:: TZHEART FUND 

EPDXY RECTIFIERS 

FIRST GRADE 

1A -1000 Ply 

5 for $100 

B122 

SLIDE 

12 

SWITCHES 
S 12 $1 

0 

All types, SPDT, DPOT, etc.B106 

TRANSISTOR 
REPAIR KIT 

$100 

Includes resistors, condensers, 
transistors, transformers and var- 
ious & sundry parts used to repair 
transistor radios, walkie- talkies, 
tape recorders, etc. 

B107 

RADIO & 
HI -FI KNOBS 

l 00 for $100 
All different types, shapes & 
colors. Some with set screws, 
others for knurled shafts. B112 

PRECISION 
RESISTORS 

All 1 %. 1/2 watts & 60 
1 watts. From low to for 
high ohmages. 

8113 $1 00 

BARRIER 
TERMINAL 
BLOCKS 

20assorted for $100 
These are seconds from 2-14 
terminals. Some screws missing. 
All functional. 13126 

FUSE 

HOLDERS 
4 for $100 

Standard, for 3AG fuses. B129 

NC168 100 PC. GIANT 
PACK OF 

ASSORTED 
TRANSISTORS 

Silicon Planar fff 
Ontastad, NPN a PNP. 

Power. Audio, RF. 
100 for $1.90 

MONEY BACK GUARANTEE 

Terms: Minimum order $3.00. 
Include postage. Either full pay- 
ment with order or 20% deposit, 
balance C.O.D. 
FREE CATALOG 

BARGAIN 

BONANLA 

EDLIE 
HIGHEST QUALITY 

KITS 
ONLY NEW 
PRODUCTS 

EXCELLENT MIXTURE 
FULL YEAR GUAR. 

RADIO & TV RECEIVING 
TUBES 

Acquired from U.S. 
oDefense depots or re- 
moved from equip- 
ment (new and used). 
These are laboratory 
tested and guaran- 
teed for one full year. 
Most are of such 
standard makers as 
RCA, GE, etc. 

3 Tubes for $1.00 
1L4, 1S4, 1S5, 1U4, 3A3, 
3AV6, 3BC5, 3DK6, 3DT6, 
304, 4BN6, 4BZ7, 4DE6, 
5AN8, 5AS8, 5A18, 5CQ8, 
6AG5, 6AH4, 6AM6, 6AN5, 
6AF9, 6AU5, 6AV5, 6AX4, 
6AY3, 6AX5, 6AZ8, 6BC5, 
6B06, 6BH6, 6BR8, 6CG7, 
6CG8, 6CH8, 6CL8, 6CM7, 
6CW5, 6DR7, 6DS5, 6DQ6, 
6DT8, 6DW4, 6DX8, 6EB8, 
6E17, 6EM5, 6EM7, 6EV7, 
6F07, 6GF7, 6GH8, 6HB7, 
6HS5, 6J6, 6166, 61E6, 61W8, 
6JM6, 61S6, 6K6, 6LE8, 6LY8, 
6SV7, 6S4, 6V4, 6W4, 8CS7, 
8CX8, 8EB8, 10CW5, 10DE7, 
12AZ7, 12EK6, 12EN6, 12GN7, 
13EM7, 1704, 17DQ6, 171M6, 
17H3, 22DE4, 25C5, 25Z6, 27, 
28D7, 38HE7, 55. 

WRITE FOR 
FREE VALUE PACKED 

CATALOG 

BONUS 
FREE TRANSISTOR KIT 

for any $5.00 Kit purchase 

1/2 WATT CARBONS 

100 for $1 
All standard ohmages, some 5 %. 
Standard makes. 8150 

CARBON RESISTORS 

200 for $100 
Most with cut leads (ong enough 
for soldering), some pre- formed. 
Most all 5% or 10 %. B136 

POWER RESISTORS 

lamb- Jimmmk. 
35 for $1 00 

Consists of standard makes such 
as Clarostat, Sprague, etc. As- 
sorted ohmages & wattages 

8109 

DISC CAPACITORS 

60 for $100 
Assorted capacitances from .0001 
to .1. Different voltages, mostly 
600 volts N.P.O. N750. B140 

1=Bag 
MINIATURE TRANSISTOR 

ELECTROLYTES 

12 for $100 
Some axial leads, some vertical 
mount, mixed capacitances and 
mixed voltages. B121 

1 WATT CARBON 
RESISTORS 

70 for $100 
All standard ohmages, some 5 %. 
Standard makes. B145 

MINIATURE :} 

12 for $1 IN "- 

POTS 

Used in transistor and miniature 
applications. B141 

CRYSTALS 
6 for $100 

Some for receiving or transmit- 
ting; some CB, some Ham, some 
business band, in differen type 
holders. B144 

RELAYS 

4 for $100 
Assorted types, from 6 volts to 
110 volts. Some sell for as much 
as $10.00. B155 

EDLIE ELECTRONICS, INC. 2700 B HEMPSTEAD TPKE., LEVITTOWN, N.Y. 11756 

Circle 70 on reader service card 
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new lit 

All booklets, catalogs, charts, 

data sheets and other litera- 
ture listed here with a Reader 

Service number are free for 

the asking. Turn to the Reader 
Service card on page 103 and 

circle the numbers of the 

items you want. Then mail the 

postage -paid card. 

LUBRICANT CATALOG, Dri- Slide. Covers 
widely proven usage area where dust, abra- 
sives, moisture and maintenance -oriented op- 
erations exist. Illustrated field case studies dem- 
onstrate multi -use factor for Dri -Slide lubricant 
involving critical applications with chain, valves, 
linkage, cables, controls, intricate devices and 
locking mechanisms. -Dri- SIIde, Inc., Industrial 
Park, Fremont, Mich. 49412. 

Circle 41 on reader service card 

INTRUDER /FIRE ALARM CATALOG, No. A- 
107. Describes eleven detector -transmitter and 
receiver -alarm devices that can be used in vari- 
ous combinations to indicate the presence of 
fire or burglars. The unusual line of devices uses 
existing house wiring to transmit a signal from 
the transmitters to receivers which may be lo- 
cated in adjacent apartments, offices or homes. 

Transmitters plugged into 117 -volt ac recep- 
tacles transmit coded pulses over the power 
lines when triggered "on" by fire, smoke or in- 
trusion detectors. Receivers actuate buzzers, 
bells, lights or cameras. Accessories include in- 
door and outdoor horns, power -failure alarm 
and magnetic window and door switches. - 
Functional Devices, Inc., P.O. Box 368, Russia - 
ville, Ind. 46979. 

Circle 42 on reader service card 

HARD TO FIND TOOLS CATALOG, 1972, 48 
pages including 185 rarely stocked tools. 
Among the items included are wire strippers, 
tungsten carbide grit files, files and drills for 
plastics, side- action funnels, garnish awls, S- 
way scrapers, handsaws, tenon saws, pruning 
saws, portable sand blast guns, range finders, 
fire detector alarms and nylon vise jaws. Com- 
plete with illustrations and descriptions of the 
items. -Brookstone Co., Dept. C, 10 Brookstone 
Bldg., Peterborough, N.H. 03458. 

Circle 43 on reader service card 

Write direct to the manufacturers for informa- 
tion on item listed below: 

TUNER REPLACEMENT GUIDE & PARTS 
CATALOG, No. 2, June 1, 1971. This 62 -page 
catalog shows blow -up photos of all types of 
tuners, enabling reader to find the problem 
quickly, and locate the exact replacement part 
easily. A replacement guide for antenna coils 
and shafts also provided. Over 600 exact -re- 
placement tuners are listed under their original 
manufacturers' number. $1.00, redeemable on 
first parts order. -PTS Electronics, Inc., P.O. 
Box 272, Bloomington, Ind. 47401. R -E 
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next month 

JULY 1972 

The VTR's Are Coming 
Up -to- the -minute details on the many 
different kinds of video tape recorder 
systems now available. A table showing 
the important characteristics of a vari- 
ety of low -cost equipment makes com- 
parison easy. 

Build R -E's Superclock 
Here's a digital clock that thinks for it- 
self. It tells the local time down to the 
second, and at the push of a button the 
correct time in other parts of the world. 

Single -Sideband Story 
Single -sideband is a widely used sys- 
tem in all forms of modern communica- 
tions. Here's an in -depth look at how 
single -sideband operates. 

Using Test Tapes And Records 
How to use test tapes and records to 
get the best possible performance from 
your stereo system. 

The Technician In Field Operations 
Closeup portrait of the electronics tech- 
nician on the job. Illustrates careers 
open to the qualified person. 

PLUS: 
Kwik -Fix Troubleshooting Charts 
Appliance Clinic 
Television Service Clinic 

Accuracy like a VTVM... 
Convenience like a VOM... 
NEW BATTERY -OPERATED FET 
SOLID -STATE VOLT -OHMMETER 4116 

Easy -to -build KIT 

$2995=116K 
Factory -Wired & Tested 

$4090 116W 
Now you can get all the benefits of a 
VTVM (laboratory accuracy, stability and 
wide range) but with its drawbacks gone: 
no plugging üto an AC outlet, no waitirg 
for warm -up, no bulkiness. New Field 
Effect Transistor (FET) design makes 
possible low loading, instant -on battery - 
operation and small size. Excellent for 
both bench and field work. 
Compare these valuable features: 

High impedance low loading: 11 meg- 
ohms input o-, DC, 1 megohm on AC 
500 -times more sensitive than a standard 
20,000 ohms -per -volt VOM Wide -range 
versatility: 4 P -P AC voltage ranges: 0-3.3, 
33, 330, 1200V; 4 RMS AC voltage ranges: 
0 -1.2, 12, 120, 120011; 4 DC voltage ranges: 
0-1.2, 12, 120, 1200V; 4 Resistance ranges: 
o -1K, 0 -100K, 0.10 meg., 0 -1000 meg., 
4DB ranges: -24 to +56DB. 
Sensitive easy -to -read 41/2" 200 micro - 
amp meter. Zero center position avail- 
able. Comprises FET transistor, 4 silicon 
transistors, 2 diodes. Meter and tran- 
sistors protected against burnout. Etched 
panel for durability. High -impact bake- 
lite case with handle useable as instru- 
ment stand. Kit has simplified step -by- 
step assembly instructions. Both kit and 
factory -wired versions shipped complete 
with batteries and test leads. 51/4 "H x 
63/4"W x 27 /8 "D. 3 lbs. 

Send FREE catalog of complete EMC line 
and name of nearest distributor. 

RE-6 

Name 

Address 

City 

State Zip 

EMC 
ELECTRONIC MEASUREMENTS CORP. 
625 Broadway, New York, N.Y. 10012 

What . . . you're still 
not in the booming 
Burglar Alarm 
Installation Yet? 
(Auto, Home or Commercial) 

PRIME MANUFACTURER OF 

AUTO, HOME AND COMMERCIAL 
BURGLAR ALARMS 

UNIVERSAL 
Security Instruments, Inc. 

2829 Potee St., Baltimore, Md. 21225 
(301) 355 -9000 

Circle 71 on reader service card 
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Unusual 
tools, hard- 

to-find items. 

Send for 
free catalog! 
mob: 

¡' 

Vt 

uxipJF routs 
..a nnme.,. L, .1°f,,,,, 

-c,>..,e 
it 

Diversified.: 
collection 

tools of all kinds 
_.._,.recision instruments 

ÍÍÍIiI s essential shop items 

... convenient 
one -stop shopping 

from your desk. 

NC 
/N National Camera 
"Dept. G 

Englewood, Colorado, 80110 

Circle 72 on reader service card 

noteworthy ckts 
SMALL ZENER + POWER TRANSIS- 

TOR = BIG ZENER 
Small Zener diodes and power 

transistors are now cheap but big Ze- 
ners are still dear, especially for high 

LOW-POWER 
DIODE 

USE 

ADEQUATE 
HEAT SINK 

HIGH -POWER 
DIODE 

voltages. A small Zener diode, a resistor 
and a well heat -sunk power transistor, 
arranged as shown, constitutes a two - 
terminal device equivalent to a Zener 
diode with the dissipation rating of the 

transistor. The resistor keeps down the 
leakage current when V < V, and is 
non -critical in value and not always 
necessary. 

Example of use: Something was 
needed to clip at about 150 volts the 
commutation pulses getting through to 
the output of an SCR inverter. One - 
watt and some 10 -watt Zener diodes 
failed even though average dissipation 
was low; but a type 40322 transistor (35 
W, 300 V) with a 1 -watt, 150 V Zener 
and a 1000 -ohm resistor stood up OK.- 
Albert H. Taylor 

USE RECTIFIERS TO ADJUST 
ZENER VOLTAGES 

A conducting silicon rectifier has a 
characteristic and reasonably constant 
voltage drop of about 0.7 volts. A con- 
ducting germanium diode or rectifier 
has a characteristic and reasonably con- 
stant voltage drop of 0.2 volts. These 
volts drops can be used to either in- 

SPECTACULAR SAVINGS 
FREE $1 BUY WITH E 

KNOB SPECIAL 
loo - ASSORTED RADIO V KNOBS All standard types ... 

51 $20 value 

50 - TV KNOBS - POPULAR 
TYPES Mostly Selector & Fine 51 
Tuning 

25 - VERTICAL LINEARITY 
KNOBS Long ahapk Front $1 
mount . miniature assortment 

K 
20 

NOBS - VERTICAL LINEARITY 
Side mount $1 

Standard sizes 
25- KNURLED RADIO KNOBS $A 
Hard to get . . Rest selection i 
40 - DELUXE RADIO KNOBS 
Choice assortment . . Popular $ 
types 1 

ANY 6 KITS FOR $5 

TRANSISTOR RADIO eesi type $1.50 
good, bad. broken, as -is, potluck 
TAPE RECORDER - assorted types 54 
good, bac. broken. as -is, potluck . 

300 - ASST. 1/2 W RESISTORS 
Top Brand, Short Leads, Excellent 
Selection 
100 -ASST 1/4 WATT RESISTORS 
stand. choice ohmages, some in 5Çe 

1_1 
100 -ASST 1/2 WATT RESISTORS 
stand. choice ohmages, some in 5Cc 

70 - ASST 1 WATT RESISTORS 
stand, choice ohmages, some in 5% 
35 - ASST 2 WATT RESISTORS 
stand. choice ohmages, some in 5c7 

50 - PRECISION RESISTORS 
asst. list -price $50 less 98% 

20 - ASSORTED WIREWOUND 
RESISTORS, 5, 10, 20 watt .... 
10- ASSORTED SLIDE SWITCHES 
SI'ST, SPDT, DPDT, etc. 

VERY 10 YOU ORDER to"$l"Buys FREE GIFT WITH EVERY ORDER 
70° COLOR TUBE BRIGHTNER $3.95 

i 

2 - COLORBURST QUARTZ- 
CRYSTAL For Most color Tv $189 
sets 3579.545 KC 

2 - ELECTROLYTIC CAPACI- 
TORS CD - 40/40 MFD - 450 51 
Volts 

SPECIAL TUBE BUY $1 
4 - 18FY6 American made 

1 - 6" x 9" HEAVY DUTY 10 
OZ. SPEAKER Ceramic Type .. $349 

B Ohm 
$20 - SHURE M7D DIAMOND 53 
NEEDLE exact replacement J 
SHUREM44SERIESDIAMOND SA 4.69 
NEEDLE exact Replacement 
4 - 9 VOLT MOTORS Excellent 51 
for hobbyist 
200' - #24 SOLID PUSH BACK 
WIRE Yellow or Black excellent 51 
buy 

MATCHED PAIRS TRANSISTORS 
NPN & PNP (2N4252- 2N2904) 51 
(2N2222- 2N2907) Each set 
RONETTE STEREO CARTRIDGE $Z 

st late dual sapphire flyover type 

6 - TRANSISTOR RADIO EAR- $1 
PIECES wires complete with plug 

5 ASSORTED GLOSAR VARI- 
SISTOR Popular replacements for 51 
most COLOR TV 

10 - SETS PHONO PLUGS 8 $1 
PIN JACKS RCA type 

5- PRINTED CIRCUIT IF TRANS- 51 
FORMERS 4-Lug, 456 XC 

25 - 3900. OHM -7w RESISTOR $1 
10% Corning glass 
20 - .47-600V CONDENSERS 51 
White Ceramic C.D. -American 

13 Pc. SCREWDRIVER & $4.95 
NUTDRIVER SET reg $8.95 .. 

90° COLOR TUBE BRIGHTNER $4.95 

1--1 
HEAVY DUTY COLOR FOCUS $1 
RECTIFIER 14.000l'SV @ 1 ma .. 

50 - OIL IMPREGNATED 
TUBULAR CAPACITORS Por- 
celain, Axial Leads -Most $3.95 
popular values 
COLOR -TV RECTIFIER - 
Used in most color sets -6500 51.95 
kv 3 for 
15 - ASST. ROTARY SWITCHES S1 
all popular types $20 value 
15 - G.E. #NE -2 TUBES S1 
Neon Glow lamp for 101 uses 
30 - .005 DISC CERAMIC S 

CAPACITORS CRI 1 
3- ELECTROLYTIC CONDENSERS $1 
most popular number 50/30 -150v 
7 - TV ELECTROLYTIC CON, $1 
DENSERS desirable types 
12- MINIATURE ELECTROLYTIC 
CONDENSERS For Transistor & $1 
miniature work 

2- ELECTROLYTIC CONDENSERS 
UNECAP 2000/1000 Mid 51 
30 Volt 
2 - BELFUSE #450 -1 ad 3 -1 
RCA Replacement 945392 -4 and 51 
945392 -3 
UHF OR VHF MATCHING 
TRANSFORMER Simple Fool -proof $1 
installation 
2- ELECTROLYTIC CONDENSERS $1 
C.D. 500 mfd -200 volts 

STEREO HEADPHONES 
LJ ii -Fi Quality . . Complete 55.95 

with Stereo plug J 
IMMEDIATE DELIVERY ... Scientific light packing for safe delivery at minimum cost. 
HANDY WAY TO ORDER: Pencil mark or write amounts wanted in each box, place letter 
F in box for Free $1 BUY. Enclose with check or money order, add extra for shipping. 
Tearsheets will be returned as packing slips in your order, plus lists of new offers. 
Minimum Order $3.00 
Please specify refund on shipping overpayment desired: CHECK POSTAGE STAMPS MERCHANDISE (our choice) with advantage to customer 

BROOKS RADIO & TV CORP., 487 Columbus Ave., New York, N. Y. 10024 2i287HO600 
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Name 

SARKES TARZIAN TUNER 

41mc 

Latest Compact 
Model good for 
all 41 me TV's. 

BRAND NEW- 

Best TUNER " SARKES TAR - 
ZIAN" ever made -last word for 
stability, definition & smoothness 
of operation. An opportunity -to 
improve and bring your TV Re- 
ceiver up -to -date. $795 

COMPLETE with Tubes 

UHF TUNER - TRANSISTOR $2.95 
TYPE Used in all TV sets ... J 

Address 

STANDARD TUNER - TRANSIS- 
TOR (GUIDED GRID) $1 
4 Channel closed circuit 

20 - DIPPED MYLAR CAPACI. 51 
TORS .01 -600V 
20 - DIPPED MYLAR CAPACI -$1 
TORS 033 -600V 
20 - DIPPED MYLAR CAPACI- $1 
TORS .0033 -1000 V 

20 - DIPPED MYLAR CAPACI- $1 
TORS .047 -400 V. 

E15 - MOLDED TUBULAR CA- 51 
PACITORS .068 -400 V. 

6 - MINIATURE ELECTROLYTIC $1 
CAPACITORS 5 MFD -150 V. 

Coat of 
goods 
Shipping 
estimated 
TOTAL 
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crease or decrease the regulated voltage 
of the Zener diode as shown at a and b 

INPUT 8.9V OUTPUT 

0.7V 

respectively. In the case of germanium 
diodes increase the current capacity by 
connecting two or more diodes in paral- 
lel. Polarity must be in the conducting 
region.- Edward N. Emery R -E 

rl 

CIRCLE DOT 

'CB f 
INSTALLATION 

5E RV ICE 

"This mils! be Ehe place." 

WORKMAN 
Subsidiary of IPM TECHNOLOGY INC. 
BOX 38/8 SARASOTA. F LA 32518 

Íe /OIIIG 
PRODUCTS, INC. 

for TV and RADIOS 

OCTAL NOVAR PRINTED 
CIRCUIT TUBE and MINIATURE 
SOCKETS. SEVEN, NINE, TWELVE 
PIN PLUG SOCKETS with NUVIS- 
TOR, TRANSISTOR, SILICON 
RECTIFIER, CRYSTAL AND 
GENERAL PURPOSE SOCKETS. 
Individually packaged for pegboard display 

Ask For CROSS REFERENCE X68. 

Circle 73 on reader service card - SHANNON MYLAR RECORDING TAPE- 
21/2" - 225' . . S .17 

31/4" - 
5" 
5" 
5" 
5" 
7" 
7" 

225' .. 
300' .. 
600' 

600' .. 

-1200'.. 
- 1800' .. 
- 1200' .. 
- 1800' .. 

.19 

.27 

.58 

.62 

.80 

.97 
1.49 
.77 

1.12 

7" - 2400' $1.79 
7" - 3600' 2.95 
CASSETTE GO minutes .69 
CASSETTE 00 minutes 1,39 
CASSETTE 120 minutes 1.97 

21/2" TAPE REEL .... .05 
3" TAPE REEL .... .06 
31/4" TAPE REEL .... .07 
5" TAPE REEL .... .14 
7" TAPE REEL .... .15 

RCA 110° FLYBACK TRANSFORMER 

We scooped the Market 
Latest type - standard 
for all 110s TV's 
RCA's design of large 
Coil produces 18KV- 

uring adequate width 
Incl Schematic Diagram 
application for any TV 

List price $13.90 

$3 
Your price . 

l0% off in lots of 3 

110° TV DEFLECTION YOKE $3.95 
for all types TV's incl schematic 

"COMBINATION SPECIAL" 
RCA 110' FLYBACK $ 5.95 
plus 110° DEFLECTION YOKE 

90' FLYBACK TRANSFORMER $2.95 
for all type TV's inel schematic 

90' TV DEFLECTION YOKE $2.95 
for all type 'IV's inc] schematic 

70° FLYBACK TRANSFORMER $2 
for all type TV's Inc] schematic . 

1_, 
70° TV DEFLECTION YOKE S2 
for all type TV's incl schematic . 2 - TV CIRCUIT BREAKERS 51.19 
Rated 4.2 TO 5.0 AMPS, etc. . 

70° COLOR YOKE 
$ 

95 
For all d for CRT's 14 
90° COLOR YOKE For ail 
Rectangular 19 to 25" Color $10,95 
CRT' 

E 

CANADIANS: Ordering is easy - we do the paperwork - try a small order 

WESTINGHOUSE ALL TRAN- 
SISTOR HOME /OFFICE 

MESSAGE CENTER 
Leaves messages for other for replay . Built in 
speaker /microphone for talk -into convenience , . . Re- 
cords up to 3 minutes of messages . Illuminated 
signal shows when a message is waiting. Control 
adjusts playback volume without affecting recording 
volume Capstan Drive: $7,95 
BRAND NEW SOLD AS TS 

10 - STANDARD TRANSISTORS $1 
NPN & PNP 2N404, 2:,1414, etc. .. 
10- ASSORTED DIODE CRYSTALS $1 
IN34, 1N48, 1N60. 12464. etc. . 

3 - TOP BRAND SILICON REC- S1 
TIFIERS 1 amp. 1000 Ply 
COLOR POWER TRANSFORMER - Good for most sets 26R150 56`.95 
List Price-S3 (,.75 V 
4 -50' HANKS HOOK -UP WIRE Sl 
assorted colors 
100' -SPOOL SPEAKER WIRE 51.30 
2 cond. mini zip. clear, 101 uses 

10 - ASST. RADIO & TV TUBES $1 
Every Tube a good number 
5 - I.F. COIL TRANSFORMERS Sl 
456 -kc for Transistor Radios 

5 - AUDIO OUTPUT TRANS- $1 
FORMERS Sub -min for Trans Radios 
TV TWIN LEAD -IN 300 ohm 

J. 500' - $7 100' -$1.50 50' - 
CO -AX CABLE 8a59U grey or 52 
black 250' -$9 100' -$3.69 50'- 
4 - TV ALIGNMENT TOOLS Sl 
most useful assortment #1 
4 - TV ALIGNMENT TOOLS 51.49 
For Color TV #2 
6 - TV COLOR ALIGNMENT $2.79 
TOOLS Most popular type 

5 - PNP TRANSISTOR Sl 
ral purpose. TO -5 ease 

5 - NPN TRANSISTORS 
general purpose. TO -5 case 

sl 
UNIVERSAL TV ANTENNA 5.1.98 
Rack of set Mounting . . . 

5 section rods 

50 - ASSORTED TRANSISTORS Sl 
big factory s oop_sold as -is 

RCA COLOR FLYBACK Part $14.50 
#113382 (Stancor #H0-601C 

MARKET SCOOP COLUMN 
ASTATIC PICKUP #700 -89T 

tridge LIST PRICE $17.00 ... 
6" UNIVERSAL SPEAKER 
Top quality Special buy 51.29 Ea. 

5 for $5 
12" UNIVERSAL SPEAKER $4.89 
Top Quality . . Large Magnet 
10" PHILCO SPEAKER $2.99 
Top Quality . . . Large Magnet 
8" UNIVERSAL SPEAKER - $2.99 
Large Magnet- Special Buy . 

5" UNIVERSAL TWEETER $1.29 
1 Oz. . Magnet 
UNIVERSAL 4" PM SPEAKER $1 
Top Quality 

21/2" x 4" SPEAKER 
Special Buy 10 For $5- 
31/2" - ROUND SPEAKER 59, Special Buy 

4" X 6" "QUAM" 16 OHM 
SPEAKER Large magnet 51,79 
Special BUY (10 for $15.00) .. de 

CRYSTAL LAPEL MICRO- 
PHONE High imped. zoo - A9fea. 
ro00 cps 11 for $5 4F 

E 

2 - ELECTROLYTIC CONDENS- $1 
ERS 80 /50mfd-450V, 20mfd -250V, 
15omrd -^_ :V 
2 - ELECTROLYTIC CONDENS- Sl 
ERS 200 /30/4 mfd - 350V 

SPECIAL TUBE BUY 
(GLJ8- 12B117- 12DT8- 12SG7- 75, Ea. 

12FK5 -1K3) 

ALL AMERICAN TUBE KIT 
(1 2 A V 8- 12BEG.12BA8 -35w4- 
5005) 

Circle 74 on reader service card 

$2.99 

IBM SOMPOUTOR 

8 assorted Units we 
sell for $1 are 
loaded with over 
150 valuable parts. 

Incl. - Transistors 
Condensers, Resis- 
tors. Heat Sinks, 
Diodes, Eta. 

8 for $l 
100 for $10 

E 

WESTINGHOUSE FM TUNER $2.99 
(12DT8 Tube) L 

WESTINGHOUSE FM TUNER 
#476 -V- 015001 . . . Transis- 5 99 
tor 3 
300 - ASSORTED HEX NUTS $l 
2/56, 4/40, 5/40, 6/32, 8/32 .. 

250 - ASST. SOLDERING LUGS 51. 
best types and sizes 

250 - ASST. WOOD SCREWS Sl 
finest popular selection 

250 - ASST. SELF TAPPING $1 
SCREWS #6, #8. etc. 

$1 
150 - ASST. 6/32 SCREWS 
and 150 6/32 HEX NUTS 

150 - ASST. 8/32 SCREWS Si 
and 150 -8/32 HEX NUTS 

150 - ASST. 2/56 SCREWS 
and 150 -2/56 HEX NUTS 

150 - ASST. 4/40 SCREWS 
and 150 -4/40 HEX NUTS 

150 - ASST. 5/40 SCREWS 
and 150 -5/40 HEX NUTS 

500 - ASSORTED RIVETS Sl 
most useful selected sizes 

500 - ASSORTED WASHERS Sl 
most useful selected sizes 

100 - ASST. RUBBER BUMPERS $l 
for cabinet bottoms & other uses . 

100- ASSORTED RUBBER GROM- Sl 
METS best sizes 
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BELL & HOWELL TECHNICAL REPORT 
Subject: New Home Entertainment 
Electronics Systems Program 

Competitive Advantages: 
Features first Solid -State Color 
TV (315- square inch, rectangular 
screen) Kit for at -home training 
to build, keep. 

Helps prepare recipient for Color 
TV Service Business of his own. 
Covers solid -state circuitry in 
depth - -also other Home Entertain- 
ment equipment. Fully updated. 

Provides three additional 
professional quality kits to 
assemble, keep, use. 

COMPONENTS: 

Specifications: 
New 25" diagonal, ultra rectangular 
screen. 315 -sq. inch viewing area. 
25,000 volt, solid -state design, w/ 
45 transistors, 55 diodes, 2 silicon 
rectifiers. 4 advanced IC's w /4S 
transistors, 21 diodes. 2 tubes: 
picture and high voltage rectifier. 
Solid -State VHF and UHF tuners. 
3 -stage solid -state IF. AFT 
standard. VHF power tuning. Also: 
"Instant On" circuit, automatic 
color control, noise limiter. 

Descriptive analysis: 
Modular plug -in circuit board design 
provides for more than 100 advanced 
solid -state devices. Insures premium 
color, sound control, exceptional 
reliability, easy access. Includes 
Hi -Fi amplifier for sound output, 
built -in dot generator, tilt -out 
convergence panel. Handy Volt -Ohm 
meter permits initial set -up and 
adjustment plus detailed trouble- 
shooting. 315 -sq. inch picture tube 
face transmits entire image. Push 
button channel advance. AFT module 
brings in perfect picture, sound 

automatically. Easier to service 
than older, non solid -state sets. 
Quality components throughout. 

Electro- Lab -at -Home: 
Components included: 
The Electro -Lab® consists of three 
units, arriving in 16 shipments 
which recipient assembles, keeps. 
All components are professional 
quality. The circuit DESIGN CONSOLE 
contains built -in 
power supply, 
test light, speaker. 
Patented Modular 
Connectors 
permit plug -in 
to console to 
rapidly "bread- 
board" many 
different circuits. No soldering 
or messy un- soldering necessary. 

The portable 5 -inch, wide -band 
OSCILLOSCOPE is calibrated for peak - 
to -peak voltage 
and time 
measurements... 
offers 3 -way 
jacks to handle 
test leads, 
wires, plugs. 
Images on screen 
are bright, sharp.. 

The lightweight TRANSISTORIZED METER 
combines most desired features of a 
vacuum -tube 
voltmeter and a 
high -quality 
multimeter. 
Features a highly 
sensitive, 4 -inch, 
jewel- bearing 
d'Arsonval meter 
movement. Registers 
current, voltage and 
resistance on 
large, easily read dial 
CONSENSUS: first class gear. 

Program is designed to give: 

Understanding of electronic 
circuits in most home entertain- 
ment electronic systems 

Ability to analyze and trouble- 
shoot a wide variety of advanced 
solid -state and other TV circuits 

Capability to understand and use 
test equipment and procedures with 
special emphasis on TV testing 

Ability to assemble, test and 
adjust the solid -state TV kit 
included with the program 

MAIL CARD TODAY FOR ALL THE FACTS 
No Postage Needed 9 
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Color TV is going Solid- State -here's 
how to help yourself get ready for it: 
There's nothing else like this exciting new pro- 
gram that offers the first 315 -sq. inch Solid -State 
Color TV available for at -home training. 

As you follow the simple, step -by -step assembly 
and testing procedures, you will soon become 
thoroughly familiar with the most advanced 
solid -state TV circuitry. And you'll help pre- 
pare yourself for a profitable Color TV service 
business of your own- either full or part time. 

Why Color TV pays better. 
Today, Color TV is the big seller. And tomorrow, 
when it goes all solid- state, the man who has 
mastered this circuitry, will be in demand. This, 
of course, is where the money is going to be made. 

But, this new Bell & Howell Schools program 
will also give you the in -depth knowledge of the 
basics as well as TV circuit analysis. You'll get 
the theory and practical experience you need 
to handle radios, Hi -Fi's, stereos, tape recorders, 
B & W television as well as most other home 
entertainment electronic devices. 

Build, keep your own 25" diagonal 
Solid -State Color TV Set 
Whether you are a beginner, an experienced 
hobbyist, or a pro working in the field, you are 
going to be delighted with the performance you 
get from this new solid -state kit. So proud, 
you'll want to show it off to your relatives and 
friends. 

The "specs" at left give a few of the facts. 
But there are many, many features besides these 
which you will not find in any set on the market 
today. Send for all the facts and this is the one 
you'll want. 

You're ready for many kinds of 
Home Entertainment Equipment 
This is a thorough -going program, put together 
by professionals, with completely up -dated com- 
ponents and materials. When you have com- 
pleted it, you'll have a new kind of confidence 
in your ability to tackle almost anything related 
to electronics in the home. And I can assure 
that these devices are definitely on the increase! 

In addition, you'll have the kind of sound tech- 
nical background you need for either a career 
as a technician in the Electronics industry or a 
business of your own - either full or part time. 
Note: TV picture is simulated. 

CONSIDER THESE ADVANTAGES: 
Bell & Howell Schools Electro- Lab -at -Home 
Plan gives you thorough, career -oriented train- 
ing in solid -state Color TV. Everything comes 
to you by mail. No traveling. You go at your 
own speed and never miss a paycheck! 

Any time after you complete your program, our 
Lifetime National Placement Service will help you 
locate a job in an area that interests you. 

Veterans' Benefits 
We are approved by the state approval agency 
for Veterans' Benefits. If you're a Vet, check 
the space in the card for full details. 

Student Financial Aid 
We are an eligible institution under the Feder- 
ally Insured Student Loan Program. Just check 
the space on the card and we'll send you full 
information. 

Special Help Sessions 
To help you over any rough spots, we've sched- 
uled "help sessions" at the Bell & Howell Schools 
and in many other cities throughout the United 
States and Canada. Top instructors give you 
expert help and guidance and you meet other 
students, too. 

When you finish your program, you may transfer 
to any of the Bell & Howell Schools for more 
advanced preparation, if you wish. 

Mail the postage -free card today for all the 
facts. There is no cost or obligation of any kind. 

DEVRY IfiSTITUTE OFTECHIIOLOGY 
ONE OF THE 

BELL E HOWELL SCHOOLS 
4141 Belmont, Chicago, Illinois 60641 

(TV kit is not available in Canada) 

4. FREE! MAIL CARD TODAY FOR ALL THE FACTS 
No Postage Needed 322 
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through 

Earn 
Your 

Degree 
ELECTRONICS 
ENGINEERING 
HOME STUDY 

HIGHLY EFFECTIVE 
HOME STUDY COURSES IN: 

Electronics Engineering Technology 
Electronics Engineering Mathematics 

Earn your Associate in Science Degree in 
Electronics Engineering and upgrade your 
status and pay to the engineering level. 
Complete college level courses in Elec- 
tronics Engineering. Were a forward 
looking school. Outstanding lesson ma- 
terial- thorough and easy to understand. 
Engineering taught on the basis of appli- 
cation and understanding rather than on 
the basis of memorization. Up to date 
in every respect. Acquire the knowledge 
and ability that means the difference 
between a low paying technician job and 
a high paying engineering position. Low 
tuition cost with low monthly payments. 
Free engineering placement service for 
our graduates. Write for free descriptive 
literature. Ask for bulletin R, no sales- 
man will call on you. 

COOK'S INSTITUTE 
0/at-ironic., n(jin, rrin 

Forest Hill Road 
P. 0. Bos 10634 

Jackson, Miss. 39209 
Established 1945 

Formerly Cook's School of Electronics 

Cirrlr i reader serrh r rrrrJ 

`No- Noise'Products 
Work LikeAlanief. 

For Color 
and B/W e SUPER *4. 

- LUBE 
Concentrated formula 
for heavy duty jobs. 
Foams away corrosion. 
dirt oxidation oxidation and 
polishes all tuners with - 

.jF out drift or deluning. 
Avoid call- backs. 

N8' 

"No- Noise" - 
products are 

guaranteed non- _ -.°' 
flammable. 
no carbon 

tet. non- 
toxic, sale ir 

for 

J /.111a, 

'Volume 
Control & 
Contact 
Restorer 
rCleans. lubricates. re- 
stores volume controls. 

push button assemblies, 
`r band switches. relays 

and other eleclri- .cal contacts. 416 
Manufacturers of These Other 

Famous "NO- NOISE" Products: 
Tuner -Tonic EC -44 Super Spray Bath 

Frigid -Air Tape -Reco Head Cleaner 

e 
n15t- 

GME 

CONTROL 

CONTACT 
RESTOREp 
loracr000lt 

Often imitated but nerer duplicated 
ELECTRONIC CHEMICAL CORP. 
813 Communipaw Avenue Jersey City, N. J. 07304 

( rrc/c n rra rohler service card 
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equipment 
report 

Onkyo Model 20 

Circle 87 on reader .cerrice card 

SEALED IN A I3 CUBIC-FOOT ENCLO- 
sure: a I2 -inch woofer. 2 -inch mid- 
range dome radiator and a 1 -inch high - 
frequency dome radiator join forces to 
produce some fine sound in the Onkyo 
model 20. Not specifically promoted as 

such. this speaker is an acoustic- suspen- 
sion type as evidenced by its respectable 
bass response in a relatively small vol- 
ume cabinet along with the manufac- 
turer's minimum and nominal power 
specifications of IO and 25 watts respec- 
tively. These air -suspended speakers 
operate on the analagous physical prin- 
ciple of a tuned circuit broad -handed by 
resistor loading. The heavy acoustic 
loading within the tightly sealed cabinet 
flattens a more resonant response into a 

wider, smoother frequency character- 
istic. Since the laws of nature once 
again remind us that we never get 
something for nothing. the gain -hand- 
width product remains constant. We 
pay for the wider bandwidth by de- 
creased acoustical energy output. 
thereby requiring the minimum power 
specification. 

The appearance of the oiled walnut 
cabinet and its dimensions is an imme- 
diate reminder of the classic speaker of 
this ilk. the AR -2A. The Onkyo speaker 

is only 'a" shorter and 'x" deeper and 
identical in height (2314" x 13'A" x 
I15/8"). 

Studying the manufacturers' re- 
sponse curves measured in the non-ob- 
jective anechoic room shows the Onkyo 
to he 17 dB down at 30 Hz as compared 
to the 10 dB loss of' the AR system. both 
relative to the loss at I KHz. Swept fre- 
quency response curves of speakers of- 
ten hide holes in the speaker responses 
since the combined mechanical inertia 
of the chart recorder's pen and drive 
system may mask such anomalies. but 
the curves serve as a starting point for 
comparison. Onkyo's plot shows some- 
what of a depression in the 100 to 500 
Hz region. while a depression in the AR 
response appears between 500 and 2000 
Hz. The high- frequency response for 
the AR speaker was not shown for this 
model. but the Onkyu speaker has 
about equal responses at 20 kHz and 
kHz with a 10 dB relative loss 30 de- 
grees off axis. 

As you have correctly suspected the 
comparison was further extended by 
connecting a pair of both the Onkyo 
and the AR speakers to a proven ampli- 
fier. tuner. turntable combination with 
provision for rapidly switching between 
the two sets of speakers. This rapid 
switched comparison method was re- 
vealing as usual with some surprises. 

While the expected differences 
were generally in the direction implied 
by the examination of the two response 
curves. the mid -range performance dif- 
ferences were more pronounced than 
predicted. The 12 -inch long -coil Onkyo 
woofer suspended by specially treated 
neoprene performed exactly as expected 
with somewhat weaker bass than the 
AR's and otherwise identically clean re- 
sponse. On the other hand the mid- 
range and the transient response of the 
Onkyo was very clean (almost brilliant). 
making the AR's seem almost muffled 
in this side -by -side comparison. 

The Onkyo 2 -inch mid -range 
speakers use a super -hard duralumin 
hemispherical dome which seems to do 
the trick. According to Onkyo. the small 
diameter of its diaphragm results in dis- 
persion which is much wider (no num- 
bers given) than that of conventional 
mid -range speakers. The same type of 
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IMPOSSIBLE? BARGAINS IN SURPLUS ELECTRONICS AND OPTICS 
FEATURE ITEM 

50 MEGAHERTZ LOW COST COUNTER 

Here is a new item. 
featured because of 
numerous customer 
suggestions. 
We have taken the 
basic power supply, 
chassis and cover 
from our clock kit, 
and by substituting 
a new Iront panel 
and printed circuit 
board, have made a 

lowest cost frequency counter. The unbelievable low cost is due to 
our use of our large stock of unused surplus nixies. the new 74196 
50 MHz decade counter, and the commonality of parts with our 
other kits. Readout is to six decades. time base n 1 second, 0.1 
seconds, or external. Design n modular, for ease of construction, 
compactness. and expandability. 
f 150 MHz six digit counter, using line frequency as time hase, 

complete except for cover 597.50 
El Optional crystal controlled time base plug in conversion $23.50 
Cl Cover, blue or black anodized $ 4.50 

NICKEL CADMIUM RECHARGEABLE BATTERIES 
These batteries are the type 
used in electronic flash 
units, electric knives, tooth 
brushes etc They are rated 
at 6 volts, 0080 ampere 
hours. They are of sealed 
construction, and may be 
operated m any position. 

Brand New Rechargeable Battery . $2.50 
Used, Fully Checked Our 51.50 

BUILD YOUR OWN ELECTRONIC CALCULATOR 
FOR ONLY S108.00, 

A complete calculator kit, 
- F complete with sell con 

tamed power supply and 
case. Indispensible in the 
home, office or school. Sim 
pie enough for a child to 
build. Some of the features 
of the cal,ulatur are as fol 
lows: 

MOS integrated circuits 
lextra large scale Integra 
tionl reduce the number of 
components to a minimum. 
Ior easy assembly Dis 
plays eight digits on large 
size seven segment dis 
plays . Full function coon 
plement keyboard features 
addition, subtraction. multi 
plication, division, alternate 
display, multiplication by a 

constant, clear all. clear entry, and decimal point set. Sixteen 
digit entry and sixteen digit results are possible with alternate 
display key. Leading zeroes suppressed Chain operation All 
integrated circuits and displays are socket mounted and replace 
able. 
So reliable and simple to build, we can make this guarantee If for 
any reason you cannot succeed in getting your calculator to 
function properly after completing construction. for a flat 
handling fee of 510.00. B and F will repair and ship back your 
calculator anywhere in the USA. This applies regardless of the age 

of the assembler, barring gross negligence or the use of acid core 
solder in construction. 

SANYO CALCULATOR, MODEL ICC 804 

This calculator with L. E.D readout 
and rechargeable self contained 
nickel cadmium battery was adver 
tised in our March ad at $215.00 lit 
you ordered it at the higher price 
we will refund you the difference in 
merchandise on request). Due to a 

special purchase, we can now offer 
this 5299.00 list calculator at only 
5175 00. making it the outstanding 
calculator buy in the USA. Conies 
complete with charger /power sup 
ply and case Has eight digit do 
play, with 16 digit capacity. Unit is 

only 1Y" throb, easily slips in pock 
et. You can charge it by phone to 
BankAmericard or Mastercharge. 

Sanyo Calculator .5175 00 

SHRINK TUBING SPECIAL. Assortment of 200 pieces of 
shrink tubing, diameters 1/8" to 1/2 ", length 1'2' to 2" $1.25 
Price 51.25 

KEYBOARDS 

Tr111 
1,1(1 1 1.1 

IÌIi 1t 

Three keyboards are available. as 

illustrated. 20 key calculator key 
board. 40 key alphanumeric, and 
12 key touch tone. All have sep 
arate contacts brought out to edge 
connector. 

Touch Tone Keyboard S 9 50 
Calculator Keyboard 514.50 
Alphanumeric Keyboard 529.00 

LIGHT EMITTING DIODE 
This dnplay is excellent for small 
portable electronics, such as 

DVM's, calculators, etc. Equivalent 
to Montsanto MAN 34 Operates 
from 5 volts, 20 milliamperes, with 
47 ohm dropping resistor. 

11.!.. cnI 539 
111 for 27 .311 '&7535 

1' Complete counter kit, 7490, 

I:I 1minute special rrr 7475 latch 7447. printed circuit 

Extra fare .ize)1 \ \ -7 board, led readout . .59.50 

St.511 each, I I) for 5.111,1111 

RADIATION METER ("Geiger Counter-) 

EXCELLENT FOR CHECKING TV 
SETS FOR EXCESSIVE RADIATION 

You can buy a coco 
plebe radiation me 
ter, complete with 
original instruction 
books, at less than 
the price of the 
meter movement a 

lone Range is 0.02 
to 50 Roentgens/ 
hour This is not 
sensitive enough for 
prospecting, but 
useful for other 
radiation measuring 
and monitoring pur 
poses. If not used 
for its original fun. 
taon then the case. 

meter and battery holder alone are worth our asking price as a 

basis for building a metal locator, etc. Uses standard D cell and 
225 volt Battery. 

Radiation Meter $9.50 r 51.00 postage & handling 

DIGITAL CLOCK KIT WITH NIXIE DISPLAY 
We have well over 
20.000 surplus 
v es stock 
and because of 
this bargain 
purchase we Can 

Sell a complete 
digital clock kit 
fur less than the 
usual cost of the 
display tubes 
only We provide 

a complete etched and thru plated circuit board, all integrated 
circuits. complete power supply, display tubes, IC sockets and .i 

nice front panel with polaroid visor We have never Seen anyone 
offer this kit for less than $100.00 before Includes BCD outputs 
for use as with timer option May be wired for 12 or 24 hour 
display. Indicates hours, minutes, seconds 

Clock Kit. complete less outside cover $57 50 
Aluminum blue or black anodized cover (specify) 5 4 50 

READOUT SPECIALS 
Low current readout. in dual 
in line package. Plugs into 16 pin 
integrated circuit socket. Ideal 
for miniature battery powered 
instruments current is 8 

milliamperes at 5 volts Life is 

rated at 250,000 hours Works 
fine from 7447 decoder Oliver. 

53.25 each, 4 for $11.00 

Complete counter kit above 
readout with 7490 decade 

enter, 7447 decoder driver and 
etched printed knout board. 

58 00 each 

Extra large site readout, in glass 

envelope package with 
leafs, draws 20 milliamperes at t5 
volts works from 7447 cover. 
100.000 hours rated life. 

53.50 each 
41or $12 00 

Counter kit, 7490 7447 P.C. 
board as above 58.50 each 

On either of above kits, add 
52 00 tor. 74192 Up 'Down 
counter option, 51.50 for 7475 
latch 

MOLEX SOLDERCON CONNECTIONS 
Molex suldercon cunnectrons or I.C.'s. 
With these you cams build low cost I.C. 
sockets by lust cutting off thenumber of 
connections required, i.e., two strips of 
seven for 14 pin socket. 

500 Molex sotdercon S 4.75 

TRANSFORMER SPECIALS 
Stancor P6378, 24 volts at 4 amps, 12 or 6 volts at 8 amps, 
include shipping for 5 Ohs. S 7.50 
Dectronic, designed for Sanken amplifiers, 48 or 62 volts D.C. 
at 2 anils Ines, include shipping lot 5 lbs. 5 7.50 
17 volts center tapped at 3.25 amperes plus 170 volts at 050 
amperes Makes excellent supply for TTL logic and Nixie or 
Sperry readouts, include shipping for 5 lbs. . . $ 7 50 

Circle 84 on reader service card 

SANKEN HYBRID AUDIO AMPLIFIERS 
AND SUPPLY KIT 

We have made fortunate 
purchase of Sanken Audio 
Amplfier Hybrid Modules With 
these you can build your own 
audio amplifiers at less than the 
price of discrete components. 
Just add a supply, and a 

chassis to act as a heat sink 
Brand new units, in original 
boxes, guaranteed by B and F, 
Sanken and the Sanxen U.S. 
distributor. Available in three 

sires 10 watts RMS 120 watts music powers, 25 watts RMS 150 
watts M.P 1 and 50 watts RMS 1100 watts M.P./ per channel. 20 
page manufacturers instruction book included. Sanken amplifiers 
have proved so simple and reliable, that they are being used for 
industrial applications, such as servo amplifiers and wide band 
laboratory amplifiers. 

10 Watt RMS Amplifier 5 4 75 

25 Watt RMS Amplifier $14.75 
50 Watt RMS Amplifier 522.50 

Complete kit for 100 watt tints stereo amplifier 1200 watt 
music) including two 50 watt Sanken hybrids, all parts, 
instructions, and nice 1/16" thick black anodized and punched 
chassis $88 00 

Same for 50 watt rois stereo amplifier includes two 25 watt 
Sank ens, etc. 058.00 
' : Same for 20 watt rms stereo, includes two 10 watt Sankens, 
etc. $30 00 

INTEGRATED CIRCUIT SPECIALS 

709 Operational Amplifier 
711 Dual Comparator 
741 Compensated Operational Amplifier 
558 Dual 741 
723 Voltage Regulator 
536 F.E.T. Operational Amplifier 
595 Four Ouadrant Multiplier 
740 Power Driver, for 100 watt AB amplifier 
2111 FM Detector and Limiter 
555 Timer 2 0Seconds to 1 hour, Special' 
1103 1024 Bit Rani Memory, MOS 
2501 256 Bit Ram Memory, MOS 
2513 Character Generator ROM 
7490 Decade Counter 
74141'7441 Nixie Driver 
74192 Bidirectional Counter 
7475 Quad Latch 
7447 7 Segment Decoder Driver 
7489 64 Pit Random Access Memory 
7492 Divide by 12 Counter 
74196 50 MHz Divide by 10 Counter Ipresetablel 
NE560 Phase Locked Loop 

561 Phase Locked Loop 
562 Phase Locked Loop 
565 Phase Locked Loop 
566 Function Generator /Tone Encoder 
567 PLL Tone Decoder 

50 
50 
50 
.95 

1.25 
4.75 
3.75 
2.75 
2.75 
1.25 
9.25 
8.75 

19.75 
1.25 
1.75 
1.75 
1.25 
2.25 
5.75 
1.25 
2.25 
5.00 
5.00 
5.00 
5.00 
500 
5.00 

We will match or better any 7400 Series I C price. Our listing of 
this series is too long to publish here, we stock over 150 different 
numbers Cali and charge to Mastercharge'BankAmericard or write 
for special pace list on this series 

SANKEN HIGH POWER, HIGH PERFORMANCE 
HYBRID VOLTAGE REGULATORS 

These hybrid regulators are easy 
to use, requiting no external 
components. Excellent for opera 
tiomd amplifier supplies, logic 
supplies and other high perform 
ance applications. All regulators 
have less than 50 millivolts ripple 
and better than 1 line arid load 
regulation, some models tar ex 
ceedurg this specification. 

S13120E 12 Volts 1 Ampere 
513150E 15 Volts 1 Ampere 
513240E 24 Volts 1 Ampere 
513050E 5 Volts 1 Ampere 
S13554M 5 Volts 3 Amperes 

52.25 
52.25 
S2 25 
52 25 
57.00 

80 PAGE CATALOG - Free with any order of send $0.25 

To our customers: 

B and F is moving to a new location 119 Foster Street, Peabody, 
Mass. 01960 (same address, but ddlerent building/ Our apologies 
to any customers who experienced delays in shipments during the 
move Our new expanded shipping and storage areas will allow us 
to service your order taster than ever before Retail customers are 
now welcome at all working hours (Monday through Friday, 9 - 
5. Saturday, 9 31 Special few of a kind items are being cleared 
out, so come and visit our new location with twenty five thousand 
square leer of surplus bargains. 

ALL ITEMS (WHERE WEIGHT IS NOT SPECIFIED) 
POSTAGE PAID IN THE U. S A 

CHARGES WELCOME' 
Phone in charges lo 617 5315774 or 617 5322323. 
BenkAmencard Mesfercharge S1000 mimmam No C.O.D.'s 
please 

B.& F. ENTERPRISES 
Phone 16171 532 2323 

P 0 Box 44. Methane. Massachusetts 01937 
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mark r niter 
TUBES 

TUBES -IEC 70% DISC. 5 FREE WITH EA. 50. 
SENCORE, EICO, MALLORY, HEP, SHURE. 
ALSO CARTRIDGES, NEEDLES LOWEST 
PRICES. FULL GUARANTEE M & K ELEC. 
DIST., 135 -33 NORTHERN BLVD., N.Y.C. 11354 

RADIO & TV Tubes 36¢ each. One year guaran- 
teed. Plus many unusual electronic bargains. 
Free Catalog. CORNELL 4217 -E University, San 
Diego, Ca. 92105 

SAVE MONEY ON PARTS AND TRANS- 
MITTING- RECEIVING TUBES, FOREIGN -DO- 
MESTIC. SEND 25e FOR GIANT CATALOG. RE- 
FUNDED FIRST ORDER. UNITED RADIO 
COMPANY. 56 -R FERRY STREET, NEWARK. 
N.J. 07105 

TUBES Receiving Factory Boxed, Low Prices, 
Free Price List. TRANSLETERONIC, INC. 1306 
40th Street, Brooklyn, N.Y. 11218 Telephone 
212- 633 -2800. 

RECEIVING & INDUSTRIAL TUBES, TRANSIS- 
TORS. All Brands- Biggest Discounts. Tech- 
nicians, Hobbyists, Experimenters- Request 
FREE Giant Catalog and SAVE! ZALYTRON, 
469 Jericho Turnpike, Mineola, N.Y. 11501 

FOR SALE 

CAPACITIVE Discharge Ignitions. HOUSTON 
INDUSTRIAL DESIGN, Box 10610, Houston. 
Texas 77018 

WINDOW NEON SIGNS. SAVE TO 40% NEON 
TUBE CO. 251 49th SW, CANTON, OHIO 44706 

CLASSIFIED COMMERCIAL RATE (for firms or individuals offering commercial products or ser- 
vices). 90C per word . . . minimum 10 words. 
NON -COMMERCIAL RATE (for individuals who want to buy or sell personal items) 60¢ per word . . 

no minimum. 
FIRST WORD and NAME set in bold caps at no extra charge. Additional bold face at 10C per word. 
Payment must accompany all ads except those placed by accredited advertising agencies. 10% dis- 
count on 12 consecutive insertions, if paid in advance. Misleading or objectionable ads not ac- 
cepted. Copy for August issue must reach us before June 1. 

r 

L 

CLASSIFIED ADVERTISING ORDER FORM 

2 1 

6 7 

11 12 

16 17 

21 22 

26 27 

31 32 

3 5 4 

8 9 10 

13 14 15 

18 19 

23 24 25 

28 29 30 

33 34 35 

I @ .60 Non Commercial Rates 1 - 
No. of Words f @ .90 Commercial Rate f 

No. of Words in bold caps NAME 
@ .10 =_ -- - 

Total Enclosed $$ 

Insert -_ __. _time(s) 

Starting with issue 

Payment must ac- 
company order un- 
less placed 
through accred- 
ited advertising MAIL TO: RADIO-ELECTRONICS. CLASSIFIED AD DEPT.. 
agency 28 200 PARK AVE. SOUTH, NEW YORK. N.Y. 10003 

ADDRESS 

CITY 

SIGNATURE 

STATE_ ._ ZIP_ 
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J 

BRAND NEW AND GUARANTEED 

DUAL INLINE IC's 
7400 7401 7402 7403 7404 
7405 7410 7420 7430 7432 EACH 5.25 
7440 7450 7453 7454 7460 

LOW POWER UNITS -WHY USE BIG 
EXPENSIVE POWER SUPPLIES? THESE 

IC's USE ONLY ONE TENTH THE CURRENT 
74L00 74104 74L08 EACH $.50 74L10 74L20 74130 74L51 

74173 74L74 EACH 5.90 

TRY TO MATCH THESE PRICES!! 
7441 7442 EA. $1.20 7475 EA. 5.75 
7446 7447 EA. 1.10 7486 EA. .55 
7448 7483 EA. 1.40 7490 7493 EA. .75 
7472 7474 EA. .45 7495 7490 EA. 1.10 
7473 7476 EA. .50 74192 74193 EA. 1.80 

SOPHISTICATED IC'S 
DM 8200 4 Bit Magnatude Comparator $1.90 

(Indicates Less -Than. More -Than, or Equal) 
DM 8281 Presettable 4 Bit Counter 1.30 
DM 8520 Modulo N Divider -25 MC 1.90 
DM 8570 8 Bit Serial -To -Par. Shift Reg. 1.90 
DM 8590 8 Bit Par -To- Serial Shift Reg. 1.90 
DM 86L70 Lo -Power Version of DM 8570 2.50 
DM 8601 Retrig. Mono. Multivibrator 1.20 
DM 8880 7 Segment Neon Decoder -Driver 2.50 
SE 566 Function Generator -T0.5 3.25 
SE 567 Tune Decoder -T0-5 3.25 

THE MONSANTO MAN -1 DISPLAY 4,60 L.E.D. -7- SEGMENT -D.I.P. 
NOT SOME "SIMILAR TO" OR "LIKE" COPY 

LM 309K 5 Volt-1 amp Regulator -To -3 $2.25 
Package -Short -Circuit Protected 

Visible Light Emitting Diode .60 
LM 351 Dual Driver -Each Driver Has 

TTL 2 Input Nand Gate Control Of 1.90 
Output Transistor Rated Up To 30V -.3A 

LM 380 2 Watt Audio Amplifier 2.25 

All Shipments First Class Mail -Free To You 
Californians -Add 5% Sales Tax 

JTM ASSOCIATES 
P.O. Box 25 Fair Oaks, Calif. 95628 

Circle 88 on reader service curd 

L.I. ELECTRONIC SUPERMARKET 

"Off The Wall SELF SERVICE" 
200 Ass't solderless WIRE LUGS $1.00 

1.00 
1.00 
1.00 

100 Ft. spool #22 PVC. Stranded WIRE 1.25 
80 Ft. spool #20 PVC. Stranded WIRE 1.25 
60 Ft. spool #18 PVC. Stranded WIRE 1.25 

50 Ft. spool #16 PVC. Stranded WIRE 1.25 
10 Ft. spool 10 conductor RIBBON WIRE 1.50 

PKGE. of 5 DPDT slide switches .25 
51;¡ "x19" Grey or Black Instr. PANEL 2.85 

1%e "o19" Grey or Black Instr. PANEL 1.80 

24 SPACERS -Alum.- Ceramic Ass't 1.00 
C &K mini- switch SPDT (on -on) 1.00 

C &K mini -switch SPDT (on- off-on) 1.18 

C&K mini -switch DPDT (onon) 1.30 

C &K mini -switch DPDT (on- off-on) 1.55 

NEW P.C. BOARD l0:. -1 side COPPER-FIBERGLASS 

6 "4" -75C 6 "x12" -$1.45 12 "x12" -$2.50 
35.1% WATT Resistors YOUR 1.00 

24 Asst insul. WIRE LUGS #18 -22 
24 Ass't insul. WIRE LUGS #14.16 
24 Ass't insul. WIRE LUGS #10.12 

35.1/2 WATT Resistors SELECTION 

25 -1 WATT Resistors OF 

15.2 WATT Resistors RESISTORS 

1.00 
1.00 
1.00 

FREE -WITH EACH $10.00 ORDER -FREE 
50 Ft. spool HEAVY WALL 600V. #22 WIRE 

Send 350 & self addressed envelope for Parts 

Catalog. 

Send check or money order, include 35$ for 

postage. MINIMUM ORDER -$3.00 

KIMBERLY RESEARCH PRODUCTS 
CORP. 

1013 MERRICK ROAD 

BALDWIN, L.I., N.Y. 11510 

TEL: (516) 623-3344 

Circle 89 on reader .cervice curd 
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FREE CATALOG New Electronic Devices! 
World's Smallest Transmitter $19.95! Telephone 
Answerer $49.50! Telephone Recording Device 
$19.95! "Bug" Detector $59.50! Many more! 
SONIC DEVICES, 69 -29R Queens Blvd., N.Y. 
11377 

IGNITION. 250:1 Coil, Ballast $7.95. Free lists. 
TRANSPARK, Carlisle, Mass., 01741 

B & K, Sencore test equipment, discount 
prices. Free catalog and price sheet. 
FORDHAM RADIO, 265 E. 149th St., Bronx, N.Y. 
10451 

CANADIANS -Why pay duty? We stock wide 
range of 7400 series IC's, linear IC's, and 3015 - 
F miniature readouts. Write for a free flier and 
prices. HAMILTON ELECTRONIC DISTRIBU- 
TORS, Box 6070 Station 'F', Hamilton, Ontario. 

TECH MANUALS for Govt. surplus radios, test 
sets, scopes, teletype, etc. List 256. BOOKS, 
4905 Roanne Drive, Washington, D.C. 20021 

ELECTRONIC Ignition- Various Types. Informa- 
tion 106. ANDERSON ENGINEERING, Epsom, 
N.H. 03239 

MEMORIES SEMICONDUCTORS FREE FLYER, 
UTI, P.O. Box 252, Waldwick, N.J. 07463 

ELECTROPLATING 

PLATING EQUIPMENT, Portable Platers, Sup- 
plies and "Know- How." Build your own tanks for 
nickel, chrome, etc. Easy -to- install PVC liners. 
Rectifier components -all sizes. Schematics, 
parts lists, formulas, operating instructions for 
all plating. Guaranteed to save you 25 % -75 %. 
Some good used units for sale. Write for details, 
PLATERS SERVICE COMPANY, 1511 -GG Es- 
peranza, Los Angeles, Ca. 90023 

ELECTRONICS ENGINEERING & 
INSTRUCTION 

TRANSI -TEST TESTS TRANSISTORS OPERA- 
TIONALLY. $25. p.p. PAUL GALLUZZI, Box 352, 
Beverly, Mass. 01915 

TV TUNER REPAIRS -Complete Course Details, 
12 Repair Tricks, Many Plans, Two Lessons, all 
for $1. Refundable. FRANK BOCEK, Box 3236 
(Enterprise). Redding, Ca. 96001 

PARTS! 
0 Send For "Atrf, 

CORNELL'S 
New Color 

Catalog 
Pgs. New Items 

ORDER FREE 
IF NOT SHIPPED 
IN 24 HOURS! 

4215 E UNIVERSITY AVE. SAN DIEGO, CALIF. 92105 

YEATS APPLIANCE DOLLIES 

No- 

* STAIR -CLIMBING DOLLY * One Man Operation for 
light appliances 

* FREE -illustrated brochure $66.50 

Yeats Appliance Dolly Sales Co. 
1300 W. FOND DU LAC AVE. 

MILWAUKEE, WIS. 53205 

i 

FCC "TESTS- ANSWERS" . . . Original exam 
manual for F.C.C. First and Second Class Li- 
cense- plus -"Self -Study Ability Test." Proven! 
$9.95. Satisfaction Guaranteed. COMMAND 
Box 26348 -E, San Francisco, Ca. 94126 

FACTORY AUTHORIZED SERVICE- CALIBRA- 
TION for WAVETEK -HICKOK. Selected service 
other instruments. Contact J &J SERVICE, RE- 
PAIR- CALIBRATION LABS, 12 Cambridge St., 
Burlington, Mass. 01803 (617) 272 -2606 

WANTED 

QUICK CASH . . . for electronic EQUIPMENT, 
COMPONENTS, unused TUBES. Send list now! 
BARRY, 512 Broadway, N.Y. 10012, 212 
WALKER 5 -7000 

PLANS AND KITS 

PRINTED CIRCUIT KIT. DO IT YOURSELF. 
CONTAINS ONE SQUARE FOOT OF COPPER 
CLAD LAMINATE, RESIST, ETCHANT SOLU- 
TION AND COMPLETE INSTRUCTIONS $4.50. 
WE WILL BUILD CIRCUIT BOARDS TO YOUR 
SPECS. FAST DELIVERY. ADD .50 FOR DELIV- 
ERY. PRINTED CIRCUIT TECHNOLOGY, 34 
Elmwood Ave., Saugus, Mass. 01906 

PORTABLE Digital Volt -Ohmeter Kit Compact 
(8x5x3) size, Pushbutton Ranging Battery or 
A.C. Operation. Write AZ -TECH. LABS, P.O. 
Box 1281, Minnetonka, Minn. 55343 

EICO 460 owners -convert your scope to trig- 
gered sweep. Details write HENRY WEME- 
KAMP, Bloomfield, Ontario, Canada 

COMMODORE 

Price 
189.50 

Analog Devices regulated power sup- 
plies have been designed to provide 
complementary power for Operational 
Amplifiers, Function Modules, A -D 
and D. A. Converters and Digital 
Logic. The supplies are completely 
self contained. Epoxy encapsulation 
provides properties close to a true 
hermetic seal. 

NE 565 Phase lock loops. $4.25 

SEVEN SEGMENT 
COUNTER KIT 

Consisting of 7 segment readout 
driven by 5 volts, having %" dis- 
play, and a 7447 decoder and 7490 
decade counter $8.75 
2N3819 FET $.45 
TIS43 U1T $.50 

PROGRAMMABLE UJT's 

similar to D13T with data 
sheet $.75 
VARIABLE CAPACITANCE DIODES, 
(similar to 1N5463A) used to tune 
VHF, Color TV & FM broadcast 
sets $1.00 
ER900 TRIGGER DIODES. These 
biodirectional trigger diodes are one 
of the best and cheapest methods to 
trigger SCR's and triacs ..4 /51.00 
FLV 100 Visible LED 70f 
GaAs 1R LED $ .70 
MRD I4B photo 
darlingtons $ .75 
2N3055 7 amp NPN silicon 
power transistor $1.00 
2N3582 -2500 LED 
NPN 2A Si transistors $1.95 

TRIACS 
PRV 1 1A 1 10A 1 15A 1 20A* 
100 1 .40 1 .70 1 1.00 1 1.20 

-2001 .70 1 1.10 1 1.50 11.60 
300 1 .90 1 1.35 1 1.90 12.00_ 

400 1 1.00 
1 
1,60 1 2.70 1 2.40 

50011.50 
1 
2.00 1 3.20 1 2.80 

*Press fit 
Send 

C108 ELECTRONIC CALCULATOR 
Features you would expect to find only on larger, costlier machines. 

Adds, subtracts, multiplies, divides 
Does mixed and chain calculations 
Accomplishes true credit balance examples 
Has 8 -digit entry and readout 
16 -digit decimal roundoff 
Its error correction CI key lets you "erase" an entry without 
destroying earlier calculations 
Keyboard rollover memory is great for preventing inaccurate entries. 

SPECIFICATIONS 
Power: AC 115V/230V, 50/60 Hz 
Components: Super Large Scale Integration (LSI) 
Dimensions: Height 2" it Width 61/2" x Length 9" 
Weight: 3 lbs. Color: Charcoal Gray 

Model 5E904 SE902 SE903 SE905 

Output Voltage (VDC) -!-15 ±15 5 5 

OutputCurrent (MA) 50 100 500 1000 
Regulation Line 

(105- 128VAC) (MAX) 0.05% 0.05% 0.05% 0.05% 
Price $18.95 $26.95 $22.95 $34.95 

200 PRV 15A 1/2 wave bridge. $.95 

NIXIE TUBES 
Similar to Raytheon 8754 
with socket & data sheet 

$2.75 

TTL IC SERIES 

7400 QUAD 2 INPUT GATE $ .30 
7401 Quad 2 input NAND 

(OC) $ .30 
7404 HEX INVERTERS 5 .30 
7413 Dual Schmidt Trigger. $1.75 
7441 BSD DECIMAL 

DECODER $1.75 
7447 BCD TO SEVEN 

DECODER DRIVER $2.00 
7473 DUAL JK FLIP FLOP 5 .90 
7475 QUAD BISTABLE 

LATCH $1.25 
7480 Full Adder $1.75 
7483 4 Bit Binary Full Adder $1.95 
7490 DECADE COUNTER $1.50 
7492 DIVIDE BY TWELVE .$1.85 
7495 4 Bit Left /Right Shift 

Register $1.50 
74121 MONOSTABLE 

MULTIVIBRATOR S .90 
74192 up down counter 
8570 8 bit SI PO shift reg. $1.75 
8590 8 bit PISO shift reg. $1.75 
14 Pin DIP 
sockets 3 for $1.00 
MINIATURE TEN TURN TRIM 
POTS 5K 10K, 20K, 25K, 50K, 
$.75 ea 3/$2.00 

Silicon Power Rectifiers 

PRY 
1 

3A 1 12A 
I 

50A 
100 .09 .24 .90 
200 .12 .28 1.25 

400 .16 .35 1.50 

400 PRV 5 amps full 
wave bridge. $1.50 

DECADE 
COUNTER KIT 

CONSISTING OF: 
1 -NIXIE TUBE and SOCKET 
1 -7490 1 -7475 1 -7441 

Specially priced at $6.75 

Controlled Avalanche or 
Epoxy Rectifiers 1 AMP. 

PRY PRY 

100 I .06 600 .11 

200 I .07 800 I .15 

400 I .09 1000 I .20 

LINEAR CIRCUITS 
709C operational Amp ..$.50 
741 operational Amp . $.50 
SE 501 Video Amp ....$1.00 
723 Voltage regulator ..$1.25 

Silicon Control Rectifiers 

PRY I 3A 1 7A 1 20A 1 70A 

50 1.25 1 .32 I I 

100 1.30 1.45 1 1.001 3.50 
200 1.50 

J 
.75 1 1.25 

1 
6.50 

300 1.60 1 .90 1 1.501 
400 1.701 1,10 1 1.75 19.50 
500 1.80 1 1.25 12.001_ 
6001.90 1 1.40 12.25 1 11.00 

600 .20 .50 1.80 terms: FOB Cambridge. Mass. 
Send check or Money Order. Include 

800 .28 .70 2.30 Postage. Average Wt. per package 

1000 .35 .90 2.75 'h lb. No. C.O.D.'s. Minimum Order 
-- -- -. -- $3.00 

for our spring catalog featuring Transistors and Rectifiers 325 Elm St., Cambridge, Mass. 

Circle Won reader service card 
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ALPHA -NUMERIC 7 -SEG. 
AND NIXIE READOUTS 

MINI -7 - $3.99 
Flouresrent Blue -green 

Socket - 50c 

SLIM -7 - $3.99 
Flourescent Blue -Green 

Socket - 50e 

9 -PIN - $3.99 
Ìr candescent Red 

Socket - 50e 

El NIXIE - $3.99 
Burroughs B -7971 0 -9, A -Z 

Socket - 50c 

1st 
Time 
Ever! 

3.99 
Buy Any 
2 for 
$4.00 

NIXIE 

i 

MINI -7 
SLIM-7 III 9 -PIN 

Il. N W. Characters Filament V. 
MINI -7* 1.75 x 1.7" 1.360 x .570" 1.5V AC /DC 42 mils 
SLIM -7* 1.6 x 0.375" .40 x .20" 1.5V AC /DC 42 mils 
9 -PIN* 1.375 x 0.5" .47 x .26" 5.0V AC /DC 23 mils 
NIXIE 4.125 x 2.0" 2.5 170V AC /DC 

*Compatible to 7- segment driver IC's. All 3 have 
0 -9 numerals, decimals and letters. 

BRAND NEW LINEAR IC AMPS GIANT PENNY SALE ON 
Type Desrr lotion <ALE 1r S10R1? 

0702 High Gain, DC amp TO -5 .79 2 for S .80 
0703 RE -IF, 14 hookups, TO -5 1.19 2 for 1.20 
0709C Operational Amps* . .. .59 2 for .60 
07100 Differential Amps* .. .59 2 for .60 
0711C Memory, Sense, Amps* .59 2 for .60 
0723A Voltage Regulator* .. 1.49 2 for 1.50 

LOWEST 
PRICES 

IN U.S.A. 

T 

SN7400N 
SN7401N 
SN7402N 
SN7404N 
SN7410N 
SN7411N 
SN7420N 
SN7430N 
SN7440N 
SN7472N 
SN7473N 
SN7474N 
SN7476N 
SN7481N 
SN7483N 
SN7492N 
SN7493N 
SN7494N 
SN7496N 

5.25 
.25 
.25 
.25 
.25 
.30 
.25 
.25 
.25 
.49 
.55 
.45 
.62 

1.50 
1.45 
1.15 
1.15 
1.25 
1.26 

Buy 
Any 
3 

Take 

10 
Dis- 

count 

Saue 
STEREO PREAMP 
Dual 739 -739 ', IC 8- transistors 
per channel. 
50K In. Imp.; 
for phono -tame 
20- 20,000 c. 
DIP. Fairchild. 

1.95 
3 for $4.50 

1 -WATT 
AUDIO AMP 

8- transistors 
in TO -5 case. 
400K in. Imp. 
Westinghouse: 
WC334. TO -5 

0 "OP" AMP & LOGIC 
POWER SUPPLIES! 

Regulated 115 VAC Input 
15 VDC OUTPUT 5 VDC OUTPUT 
Mils Sale Mils Sale 
25 $14.95 500 $29.95 

Epoxy 50 19.95 1000 39.95 
Module 100 24.95 Size: 31/2x21/2x1" 

MINI LED READOUT 
7- Segment printed circuit! 
O -9 and 9 letters. Compatible / 
to SN7447N. Specs: 5V -20 mils. 

L. Only 

3.50 
3 for 9.00 

TO -5 
TRIACS 

Dimmers 
Motor Control 

410 
a 

l'RV 
100 
200 
300 
400 
500 

3A 
.35 
.59 
.79 
.99 

1.35 

SA 
.49 
.79 
.95 

1.15 
1.55 

PHASE LOCK LOOPS 
565 Phase Lock Loop 4.50 566 Function Generator 
567 Tone Decoder 

State DIP or TO -5 case. for $12.00 

PI V 
50 

100 
200 
400 
600 
800 

1000 

2Amp 
5.05 

.06 

.07 

.09 

.12 

.15 

.18 

2Amp 
$.05 

.06 

.07 

.09 

.12 

.15 
.18 

3Amp 
5.08 

.12 
.15 
.22 
.28 
.39 
.45 

EPDXY 
SILICON 

RECTIFIERS 
microminiature 

'PIK -A- PAK'FACTORY IC KITS 
Factory To `foul 
With Diagrams! 
No Test! 

24-109. /10. 111. 723, 741 asst. eases s $2.98 
24 -7400 Series, Dual In line, asst. . . . 1.98 
24- Linear 8, 7400 Series, asst. cases .. 1.98 
10 -709, 710. 711. 723, 741. TO -5 . ... 1.00 

Type Des, ;pain SALE le MORE 
TVR -2000 HI -power 723* ... 1.59 2 for 1.60 
0741C Freq. Comp. 709* . .89 2 for .90 
0748C Freq. Adjustable 741* .. .89 2 for .90 
0709 -709 Dual 709's (DIP) 1.49 2 for 1.50 
0741 -741 Dual 741's (Mini DIP)L.79 2 for 1.80 

Elate Ist, 2nd 'liaise - Dual In Line, TO -5. 

ALLEN BRADLEY'S 
"TRANSISTOR" P t < 

POTS Z 
Type P. G r o,cdriser udlrt. 
Ohms Ohms Ohms Ohms Ohms Ohms 

100 500 2.5K 20K 100K 500K 
200 LOK 5.0K 25K 200K 1 Meg. 
250 2.0K 10K 50K 250k 2 Meg. 

0 -9 plus letters, LED READOUTS 
for SN7446 or SN7447. 
Snaps in 14 -pin DIP 3 for $12. 
socket. 'aa x%x% ", 
characters: 1/q x1/t* " 
5V, 20 -mils per seg. 
characters: '/4x3/16". 
Famous MAN-1 type. 

Sockets .50 ea. 4.50 
SYSTEM 
7490 
7447 
7475 
Socket 
LED 

DECADE COUNTING SYSTEMS 
Any Sl.G11F :N'l' 

System SYSTEM 

6.50 7447 
7475 

3 FOR Socket 
$18. Mini -7, or 

Slim -7 

NIXIE 
KIT 
7490 
7441 
7475 
Socket 

L I 
Nixie 

"JUMBO" LEDS 69¢ 
Infra -Red "Invisible" Ea. 
RED "Visible" 3 tor 1.75 -1- --\-' 

FETS. UJTS, VARACTORS, NIXIES 
-_ 5 - Varactor d'.odo'. In. 20, 20. .10. -,l) ;.f.$1.00 

2 - 2N3819 FT/F. N channel, plastic Loo 
2- 2N3370 4 ET, N channel TO-lo, metal 1.00 

- 2 -2N2608 VET, I' channel TO-1 *. Inc: al 1.00 
2 - 2N2646 lmiunctiun. plastic .. 1.00 

6 -AMP FULL WAVE BRIDGES 
Pitt s \!.l: 400 

so $.88 . 600 

D 200 1.25 D 1000 

1.50 
1.75 
1.95 
2.25 

TWINS - RTL914 & RTL923 
epoxy TO -5 case 
914 Dual 7 In Gmr 

923 JK Flip Flop 

2 for 
$1 

Type c, 1.2" d:,.- , ALLEN BRADLEY 
1 i2" high. I I" 
h,de. with 'MICRO -POTS' 

trersi 1,n- pr,,,,f li gl 

Ohms 
L 100 L 100K 
0 250 Li 250K 
: 1 500 5OOK 

1.0K 10K 
2.5K 25K 

L] 5.OK 50K 

2 for $1 
1 Meg. 
2 Meg. 
5 Meg. 

Terms: add postage, cod's 25%. Rated: net 30 
Phone Orders: Wakefield, Mass. (617) 245 -31.29 
Retail: 211 Albion St., Wakefield, Mass. 

C.O.D.'S MAY BE PHONE!) IN 

15C CATALOG on Fiber Optics, 'ICs', Semi's, Parts 

POLY PAKS 

SOLID STATE 
3.88 ` AM -FM TUNER 

P.O. BOX 942R, LYNNFIELD.MASS. 01940 
WESTINGHOUS 

3 for $10 

F\1 .-I O.nih.. & :1\I 7,7 n- 
Ilnpkcs. Sensitive 2 - 

I " module. l'an 
with 10.7mc R ls-.kcs Il' 
strips. & any hí-fi : mp. l'.l'.. 
wired. 4-gang variable sup- 
/qt. voltage 0l' f. miis. Var:,c- 
ti., dfde for AFC. 

Circle 91 on reader service card 
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UNIQUE THREE -CHANNEL COLOR ORGAN 
Features: independent channel control, unaf- 
fected by changes in output volume control, 300 
watts per channel, high input impedance. Com- 
plete plans and instructions available for $1.00 
from H & R ELECTRONICS, Box 134, Annapolis 
Jct., Md. 20701 

CONVERT any television to sensitive big- screen 
oscilloscope. Only minor changes required. No 

electronic experience necessary. Illustrated 
plans $2.00. RELCO -A25, Box 10563, Houston, 
Tx. 77018 

ELECTRONIC ORGAN KITS, keyboards, os- 

cillator coils, I.C. tone generators, every com- 
ponent for electronic organ assembly, 25C for 
catalog. DEVTRONIX ORGAN PRODUCTS, 
5872 Amapola Dr., San Jose, Ca, 95129 

FREE BROCHURE. ALL NEW WAY TO 
FASTER, BETTER CIRCUIT DEVELOPMENT 
AND DIGITAL LOGIC DESIGN. IN KIT OR AS- 
SEMBLED FORM. EXCELTRON, INC., BOX 
17056, San Diego, Ca. 92117 

BUSINESS OPPORTUNITIES 

Start SMALL, HIGHLY PROFITABLE ELEC- 
TRONIC PRODUCTION IN YOUR BASEMENT. 
Investment, knowledge unnecessary. Postcard 
brings facts. BARTA -REB, Box 248, Walnut 
Creek, Ca. 94597 

INVENTIONS & PATENTS 

INVENTIONS WANTED, Patented; Unpatented. 
GLOBAL MARKETING, 2420 -AE 77th Ave., 
Oakland, Ca. 94605 

65K MEMORY 
CORE STACK aa.r:4,..,- .. 

e -,a - .1k Complete memory 
core stack, 65,536 " 
wired cores brand 
new condition 

$100.00 

GIANT NIXIES 
$3.00 each. 10/$25 

Magnificent alpha- numeric 15 
segment nixies. Display full al- 
phabet plus numbers 0 -9, all in 
one tube 41/2 inches high with 21/2 
inch characters. 170 volt operation, 
make unusual clocks, displays, 77-7- 
games, etc. 

Sockets sold only w /tube 
#7971 $3 each 10/$25. Sockets 500 each 

3 Watt Laser Diode $5.00 

11 c Optoelectronic Man -3 
Led -Readout, Low Voltage 

,;.^, Low Current, Brand New $3.50 

Power Amp Strip -30 Watt $1.00 

MAGNOSTRICTIVE COMPUTER MEMORY 
Magnostrictive delay line good for approx. 
7000 bit storage. Details included. $25.00 

MM500 Dual 25 bit shift register $2.50 
MM502 Dual 50 bit shift register 3.50 
MEM 511 MOS P- channel FET 1.00 
1 amp diode 1000 PIV 8/1.00 100 /10.00 
1 amp diode 1500 PIV 4/1.00 100/20.00 
1 amp diode 1200 PIV 6/1.00 100/14.00 
2 amp diode 1000 PIV 6/1.00 100/14.00 
3 amp 1000 PIV full wave bridge 1.25 

Please add postage for above items 
Send 25¢ for Surplus Catalog . . . 

JOHN MESHNA JR. ELECTRONICS 
P.O. Box 62 E. Lynn, Moss. 01904 

Circle 92 on reader service card 

BONUS SALE 
NEW LOW, LOW PRICES 
free 810 operational amplifier (dual) DIP w /data for all prepaid orders 
of $10. or more. $1.25 value 
FREE 810 op -amp and one LM309K 5 volt 1 amp. power supply mod- 
ule (TO -3) with prepaid orders of $25. or more. $3.75 value 
With prepaid orders for $50. or more you get the $25. bonus plus 
ten per cent discount on all items purchased. 

FOLLOWING ITEMS IN 
LIMITED QUANTITY 

LM103 regulator diode TO -18 $1.00 
LM308 mirrupower op amp 'rrl -5 2.50 
75451 dual peripheral driver 

8 pip DI1' 2.00 
N E565 pha.e lock loop 'FO- 5 5.75 
NE566 function generator 8 pin 

DIP 5.75 
NE567 tone decoder 8 pin DIP 575 

DIGITAL SPECIAL 
Ten brand new Ion carriers) dual- in -Ii,e 
JK flip -flops -LÚ321 with data sheet and 
two pages of application notes describing 
hookups for -divide by three through ten, 
and twelve. Also self correcting ring coun- 
ter hookups, etc. 

10 LU321 Widens $5.00 

\ \ I 

DIGITAL COUNTER MODULE 30MC 
unit includes board, SN7490, 
SN7475 quad Inch, SN7447 
7- segment driver end RCA 
"numitrO " d'gpley tube 
W /decimal. 1' 4.5" module 
will mount on 1" centers. 

kit 512 -wired and tested $15. 

All IC's are new and fully tested - 
leads are plated with gold or solder. 
Orden for $5 or more will be shipped 
prepaid. Add 35c handling and postage 
for smaller orders. California residents 
add sales tan. IC orders are shipped 
within two workdays of receipt of order - kits are shipped within ten days of 
receipt of order. Money back guarantee 
on all goods sold. 

TTL dual -in -line 
7400, 7401, 7402. 7404, 7405, 7410, 
7420, 7430, 7440. 
7450, 7451, 7453 ea. $ .30 
7441 Itl'D tieriJer driver 1.40 
7442 BCD decoder 1.40 
7473 dual JK Nip -Cap .65 
7474 dual U'pe D FF .50 
7475 quad latch 1.40 
7476 dual JK FF .65 
7480 gated full adder .80 
7483 4 bit full adder 1.60 
7486 quad exclusive or gate .. .65 
7489 64 hit (RANI 4.00 

LINEAR IC'S (dual -in -Heel 
709 operational amplifier .. .50 
710 voltage comparator ... .75 
LM309K 5V -IA 

power supply module .. 2.50 
LM100 positive voltage reg. .80 
747 dual 741 op amp DIP . 1.25 

LINEAR SPECIAL 

Ten (10) Teledyne TO-5 741 
operational ampl,fiers with a two-page 
sheet of application notes covering the 
basic circuits using opamps 
$ 75 each Op-atop package 

10741's, data sheet 
and application notes 

only $7 00 

LED Red Emitting Lamp .., .60 

7490 decade counter 1.40 8242 4 bit comparator S .90 
7491 8 bit shift register $1.40 8280 preset decade counter ... 1.40 
7492 divide by 12 reenter 1.40 8281 preset binary counter .... 1.40 
7493 4 hit binary counter 1.40 8520 25 \i(' divide by "N" 
74154 one M 16 decoder 3.00 ^_ to 15 2.00 
74192 up /down decade counter . 2.23 7495 4 hit o IIrr REGISTER 1.40 
74193 up /down binary counter . 2.00 8590 8 hit shift register 2.00 
74195 univ. 4 bit Sit 1.40 8270 1 bit shift register 2.00 

BABYLON 
ELECTRONICS 

SEND FOR 
FREE FLYER 

AaM 

CS 
P.O. Box 85 

CARMICHAEL, CA. 95608 
(916)966 -2111 

Circle 93 on reader service card 

IC PRICES 
SLASHED 

FACTORY FIRSTS 

SIGNETICL ` 
RAYTHEON 

F$ìit1î\ SATISFACTION 

GUARANTEED 

DIGITAL TTL 

7400N 27¢ 745IN 27¢ 
7401N 270 7454N 270 
7402N 27¢ 7472N 50¢ 
7403N 27¢ 7473N 60¢ 
7404N 
7410N 

290 
270 

7474N 

7475N 
$1.15 

615 7420N 27¢ 7490N $1.18 7430N 270 7492N $1.18 7440N 270 7493N $1.18 
7441AN .......$1.33 7495N $1.39 
7442N $1.25 74107N 650 
7447N $1.52 7412IN 750 

LINEAR INTEGRATED CIRCUITS 
DIP or TO -5 709 506 10/$4.50 741 62f 10/$5.75 
723C TO -5 $1.17 NE565A PLL DIP. $6.00 

GENERAL PURPOSE TRANSISTORS 

2N5134 Si NPN or 2N5138 Si PNP 15¢ 8 /$1.00 

1 AMP SILICON SUBMINIATURE RECTIFIERS - 

1N4001.50 PIV, 1N4002 100 PIV, 1N4004 400 PIV 
1N4005 600 PIV 10 /$1.00, 100/$7.50 

Pree Catalog -Large Quantify Discounts- Orders 
Less Than $10.00 Add 25i/- Others Postpaid 

DIGI-KEY 
BOX 126H 

THIEF RIVER FALLS, MN56701 

PRICE PACESETTER 

FOR QUALITY IC'S 

Circle 94 on reader service card 

TV -7 /U ELECTRON TUBE TESTER 

I 
J 

PORTABLE DYNAMIC MU- 
TUAL CON D U CTA NCE TY PE 
Used to test and measure the 
performance capabilities, and 
to determine the rejection 
limits for Electron Tubes 
used in Receivers. low power 
Transmitters. & in many 
other electronic equipment. 
The tests made are for 
dynamic mutual conductance. 
emission, shorts, gas, noise, 
continuity, pilot lamp, etc. 
Test sockets are for Ioctal, 
octal. 4. 5. 6. 7 pin, Norval 

I. 7 pin miniature. sub -min. rd. & flat, acorn, etc. With 
penal adapters (THAT ARE OPTIONAL) 829, 832, 

"C39 and sub -min. tubes with long leads also can be 
tested. Power required: 115 Volt 50 to 1000 cycles. Tube 
est data charts, test leads and pin straighteners for 7 

& J pin are included. Size: 61/4 x 81/2 X 15% ". Wt.: 
20 ihs. PRIt't :s: Used. serviceable -519.95 Checked - 
$25.00 Adapter for 2C39- -$5.00 For 829/832 -$5.00 
ear soh -min. I.L. Lead- -$3.00 Alt prices FOB Lima. O. 

Dept. RE Send For Big FREE Catalog! 
FAIR RADIO SALES 

016 E. EUREKA Box 1105 - LIMA, OHIO 4580 

REBUILD YOUR OWN 
PICTURE TUBES? 

With Lakeside Industries precision 
equipment. you can rebuild any 
picture tube) 
For complete details, send neme, 
address. zip code to: 
LAKESIDE INDUSTRIES 
3920 W. Fullerton Ave. 
Chicago. Ill. 60647 
]'hone: 312- 342 -3399 

f- 

lèchnical Excellence 
in Electronics 

On our small. m ml,li., ss :i Lacing aS well 
Learning i - :\l ra- c irricU:ii ., Tal ait11,111e,. student clubs. a as 

.student operated radii, station. student government, new dormi- 
tory and a full sports program help provide a world of your own 
in which to prepare for tomorrow. Associate Degree in Engineer- 

ing Electronics. H.B. obtainable. G.I. approved. 

VALPARAISO TECHNICAL INSTITUTE 
Dept. C, Yellowstone Trail. Valparaiso, Indiana 46383 
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TAPE & RECORDERS 

FIRST BREAKTHROUGH IN RECORDING 
TAPE. Originally made by America's leading 
tape manufacturer 2400' MYLAR, 7" reel, $2.29: 
1800' MYLAR, 7" reel, $1.69; 1200' ACETATE, 
7" reel, $.79. Write for quantity prices. AAE, 218 
Columbia St. Utica, N.Y. 13502 

RENT 4 -track open reel tapes -all major labels - 
3,000 different -free brochure. STEREO -PARTI 
55 St. James Drive, Santa Rosa, Ca. 95401 

Your 
Heart Fund 

Fights 
Heart Attack 

Stroke 
High Blood 

Pressure 

Inborn Head 
Defects 

"By golly, you're right . .. in the parts 
catalog it is listed as thin g -ah -ma jig. " 

READER QUESTIONS 
(continued from page 73) 

SIGNAL -TRACING WITH 
VTVM ONLY? 

Is there a way I can signal -trace a 
TV set, with only a vtvm ? -J.C., Yonkers, 
N.Y. 

There's a fairly good way. Check 
all of the voltages in the set which nor- 
mally change with the presence of a sig- 
nal. Agc, video detector output, sync, 
noise -amplifier, etc. Read the voltage, 
no- signal, then hook up the antenna. 
Look for the change in dc voltage. 

If you see no change where there 
ought to be one, go back through the 
amplifier circuits and find out why. For 
example, your agc line should go nega- 
tive on tube sets with the presence of a 
signal. If it doesn't, you've got either an 
agc problem or a signal problem in the 
tuner or i.f. Not as fast as standard sig- 
nal- tracing, but useful. 

ONLY BLUE AND GREEN? 
I've got a Magnavox T920 color 

chassis. With my color -bar generator 
hooked to it, I can see green bars with a 
blue background I've checked out the R- 
Y amplifier stage, but everything seems to 
be OK. Color program looks very weird - 
E.K., Billings, Montana 

Check your 3.59 MHz oscillator. In 
this, and several other color sets, you'll 
see this "blue- green" pattern if the 
color -oscillator is OUT. A good check is 
to look at the waveform on the pix -tube 
grids, with a color -bar pattern input. If 
this shows a flat -topped "comb" pat- 
tern, you have no demodulation. How- 
ever, the fact that the signal amplitude is 
normal shows that the color- difference 
amplifiers are working, and that signal 
is getting through the demodulators. If 
the oscillator is working normally, 
you'll see the regular "rocker" patterns 
on the grids. 

REPLACEMENT POWER 
TRANSFORMER 

Where can I get a replacement porter 
transformer for a Heathkit 0 -12 scope? 
Everything else checks, I have no high 
voltage, and the rectifier tube is OK. - 
A.D. Salada, Colo. 

You're in luck. The Thordarson 
catalog lists a 24R78 power transformer 
as an "exact replacement" for Heathkit 
0 -12 oscilloscope. Incidentally, their 
catalogue shows several other scope 
power transformers as well. 

LEAKY VIDEO -COUPLING 
CAPACITOR 

In a Hotpoint I7S301, the picture 
gets gradually darker; in about 30 min- 
utes, it's almost out. Turn it off for 20 
minutes, and it goes again, same cycle re- 
peats. What's going on ? -R.E., New 
York, N.Y. 

100 RADIO -ELECTRONICS JUNE 1972 

One of two things. The 0.1 -µF cou- 
pling capacitor between the video out- 
put tube plate and the pix -tube cathode 
is leaking. or you have some trouble in 
the audio amplifier stage. Either of these 
will make the pix -tube cathode voltage 
go more positive. Positive voltage on 
the pix -tube grid is the same as more 
negative voltage on the grid; cuts the 
tube off. 

The brightness control in this set is 
fed from the + 125 -volt line, and this 
comes from the cathode of the audio 
output tube. If one of the grid resistors 
of the audio tube is changing in value, 
this can upset the bias, and make the 
+ 125 -volt line go higher; same results. 
These grid resistors are connected as a 
voltage- divider across B + to ground. 
They clamp the grid bias of the audio 
tube. 

You can get an opposite symptom 
from this, of course. If the resistors 
change so that the audio tube is cut off, 
the + 125 volt line will go down (less 
positive), the pix -tube cathode will go 
more negative, and the pix -tube will get 
very bright; brightness control won't cut 
it off. Old faithful "Stacked -B +." 

MYSTERIOUS BREAKER -TRIP 
Here's one for you. I've had four of 

them lately. In the RCA KCS -153 chas- 
sis, the circuit breaker tripped shortly af- 
ter turn -on. No apparent reason. After 
some work, I turned out the lights, and 
turned it on. The rectifier tube was glow- 
ing a beautiful bright blue. (Very, very 

gassy!) 
Replacing this and the connecting 

lead to the tube fixed it. This is a 2BJ2 
tube. Hope this will help others. -Wm.A. 
Heller, Huntingdon Valley, Pa. 

It will Thanks. 

BUZZ ON RECORD 
Here's one for you. This M8400D 

GE tape recorder had a loud buzz on 
RECORD, and it was weak. Playback was 
OK on known -good tapes. The trouble 
turned out to be a poor ground on the mi- 
crophone, due to a faulty crimp in the 
mike jack. If you run into this, check J3 
for continuity to ground and on to the 
first amplifier stage input. Best cure; re- 
place the jack. 

Thanks very much to Odis D. Cro- 
well, GE Service Center in Dallas, 
Texas for this one. Here's a companion 
to it, from my bench. A "friend" 
brought in two new small Motorola 
tape- recorders. Same symptoms; good 
playback, weakness and loud buzz on 
RECORD. I fiddled with them without 
too much luck. 

Finally discovered that "friend" 
had brought in a mike that he happened 
to have on his bench. It didn't match 
When I got the original mikes, both of 
them worked perfectly. Originals were 
low -Z, and test -mike high -Z; input os- 
cillated. 
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Price (Per Decade): 

Basic Unit consisting of 
7490, 7447, Filament -type 
7- segment Readout....$8.0 

Options: 
For LED Readouts instead 
of Filament-type add $2.0 
For 7475 Latch add...$1.2 
For 74176 instead of 
7490 add $0.' 
For 74192 instead cf 
7490 add $1.0 
For 74196 instead of 
7490 add $0.7 
For Fully assembled and 
tested unit add $2.'. 

LOWEST PRICES, ON BRAND NEW FULLY TESTED 8. GUARANTEED IC'S 

BEST SERVICE 10% DISCOUNT ON ALL ITEMS NOT SHIPPED IN 24 HOURS 

MOST CONVENIENT: ORDER DESK 1- 800 - 325 -2595 (TOLL FREE) 

PLEASE NO:!. lualify for prices ... the last three columns, yo_ .n EXACT 

Multiples cf 10 per item for all IC Items on your order. 

ANY QUANTITY MULTIPLES OF 10 ANY QUANTITY MULTIPLES OF 10 

PER ITEN(MIX) PER ITEM(MIX) PER ITEM(MIX) PER ITEM(MTX) 

Catalog 1- 100 1000 
Number 99 999 up 

7400 .26 .25 .23 
7401 .26 .25 .23 
7402 .26 .25 .23 
7403 .26 .25 .23 

7404 .28 .27 .25 

7405 .28 .27 .25 
7406 .52 .50 .47 
7407 .52 .50 .47 

7408 .32 .30 .29 
7409 .32 .30 .29 

7410 .26 .25 .23 
7411 .28 .27 .25 
7413 .58 .55 .52 
7416 .52 .50 .47 
7417 .52 .50 .47 

7420 .26 .25 .23 
7421 .26 .25 .23 
7426 .34 .32 .31 

7430 .26 .25 .23 
7437 .56 .53 .50 

7438 .56 .53 .50 
7440 .26 .25 .23 
7441 1.73 1.64 1.55 
7442 1.27 1.21 1.14 
7443 1.27 1.21 1.14 

7444 1.27 1.21 1.14 
7445 1.71 1.62 1.53 
7446 1.24 1.17 1.11 
7447 1.16 1.10 1.04 
7448 1.44 1.37 1.29 

7450 .26 .25 .23 
7451 .26 .25 .23 
7453 .26 .25 .23 
7454 .26 .25 .23 
7460 .26 .25 .23 

7470 .42 .40 .38 
7472 .38 .36 .34 

7473 .50 .48 .45 
7474 .50 .48 .45 
7475 .80 .76 .72 

7476 .56 .53 .50 
7480 .76 .72 .68 
7483 1.63 1.55 1.46 
7486 .59 .55 .52 
7489 4.25 4.00 3.75 

7490 .80 .76 .72 
7491 1.43 1.35 1.28 
7492 .80 .76 .72 
7493 .80 .76 .72 
7494 1.18 1.12 1.05 

7495 1.18 1.12 1.05 
7496 1.18 1.12 1.05 
74100 1.52 1.44 1.36 
74107 .52 .49 .47 
74121 .56 .53 .50 

100- 1000- 10000 Catalog 
999 9990 u, umber 99 999 _up___ 999 9990 up_ 

.22 .21 .20 74122 .70 .67 .63 .60 .56 .53 
.22 .21 .20 74123 1.21 1.06 1.00 .94 .99 .83 
.22 .21 .23 74141 1.63 1.55 1.46 1.38 1.29 1.20 
.22 .21 .20 74145 1.41 1.33 1.26 1.1E 1.11 1.04 
.24 .22 .21 74150 1.63 1.55 1.46 1.31 1.29 1.2 

1- 100- 1000 190- 1000- 10000 

.24 .22 .21 74151 1.20 1.13 1.07 1.01 .95 .8, 
.44 .42 .39 74153 1.63 1.55 1.40 1.38 1.29 1.2' 
.44 .42 .39 74154 2.43 2.30 2.16 2.03 1.09 1.0. 
.27 .26 ,24 7.155 1.46 1.39 1.31 1.23 1.16 1.0d 
.27 .26 .24 74156 1.46 1.39 1.31 1.23 1.16 1.0 

.22 .21 .20 71157 1.56 1.48 1.39 1.31 1.23 1.1' 

.24 .22 .21 74156 1.56 1.48 1.39 1.31 1.23 1.1- 

.49 .46 .44 74150 1.69 1.79 1.62 1.51 1.47 1.37 

.44 .42 .39 74161 1.89 1.79 1.68 1.53 1.47 1.37 
.44 .42 .39 74112 1.89 1.79 1.68 1.58 1.47 1.3- 

.22 .21 .20 74153 1.89 1.79 1.69 1.58 1.47 1.3- 

.22 .21 .20 74180 1.20 1.13 1.07 1.01 .95 

.29 .27 .26 74181 5.20 4.90 A.59 4.2; 3.98 3.6- 

.22 .21 .20 74182 1.20 1.13 1.07 1.01 .95 .8 

.48 .45 .42 74192 1.98 1.87 1.76 1.65 1.54 1.43 

.48 .45 .42 74193 1.98 1.87 1.76 1.55 1.54 1.43 

.22 .21 .20 74198 2.61 2.65 2.50 2.34 2.18 2.0 
1.46 1.37 1.27 74199 2.81 2.65 2.50 2.34 ._. .., _. 

1.07 1.01 .94 
1.07 1.01 .94 

1.07 1.01 .94 :Z501 2.99 2.62 2.66 2.49 2.32 2.1. 
1.44 1.35 1.26 1._531 3.91 3.53 3.36 3.14 2.91 2.63 
1.04 .98 .91 .2533 3.81 3.56 3.35 3.14 2.91 2.6+ 
.98 .92 .85 11.533 7.31 6.68 6.45 6.02 5.59 5.1. 
1.22 1.14 1.05 ..E540 2.16 2.04 1.92 1.80 1.68 1.56 

.22 .21 .20 517'550 1.24 1.17 1.11 1.04 .98 .91 

.22 .21 .20 .0560 3.57 3.36 3.15 2.94 2.73 2.51 

.22 .21 .20 :771561 3.57 3.36 3.15 2.94 2.73 2.57 

.22 .21 .20 .12562 3.57 3.36 3.15 2.94 2.73 2.5[ 

.22 .21 .20 NF565 3.57 3.36 3.15 2.94 2.73 2.57 

.36 .34 .32 114566 3.57 3.35 3.15 2.94 2.73 2.5_ 

.32 .30 .29 ::E567 3.57 3.36 3.15 2.94 2.73 2.5- 

.43 .40 .38 '5111 .90 .86 .31 .77 .72 .65 

.43 .40 .38 :-5556 1.87 1.77 1.66 1.56 1.46 1.3-. 

.68 .64 .63 :f5558 .80 .76 .72 .61 .64 .6u 

.49 .45 .42 :5595 3.40 3.20 3.00 2.00 2.60 2.40 

.65 .61 .57 E5596 1.87 1.77 1.66 1.56 1.46 1.35 
1.38 1.29 1.20 709 .42 .40 .38 .36 .34 .32 

.49 .46 .44 710 .42 .40 .38 .36 .34 .32 

3.50 3.25 3.00 711 .44 .42 .40 .37 .35 .33 

.69 .64 .60 723 1.00 .95 .90 .95 .80 .75 
1.20 1.13 1.05 741 .44 .42 .40 .37 .35 .33 

.68 .64 .60 740 .48 .48 .43 .41 .38 .36 

.68 .64 .60 

.99 .93 .87 

.99 .93 .87 11270 .15 .14 .13 .12 .11 .10 

.99 .93 .87 1::751.. .30 .28 .26 .24 .22 .20 

1.28 1.20 1.12 1.:914 .10 .09 .08 .07 .06 .05 

.44 .42 .39 1i4002 .15 .14 .13 .12 .11 .10 

.48 .45 .42 1 4154 .15 .14 .13 .12 .11 .10 

2 386 .25 .23 .21 .19 .17 .15 

All IC's are supplied in 8 -, 14 -, 16 -, or 24 -pin DIP (Dual -in -Line) plastic package, except 
for 2:.536, NE537, ín1540, and 5E540 which come in TO -5 package. 
We give FRE= data sheets upon request, so ask for those data sheets that you : IELD, even for 
those listed IC's tat you are not buying. On orders over $25.00 well send you a new 270 - 
page CO,iPLOTE TTL IC data book FREE. Or, you may obtain a new 240 -page LINEi.R data book 
instead. Orders over $50.00 will receive both books. Orders over $100.00 will receive a 

complete LIBZ.RY of DIGITAL 6 LIiI..AR data 6 application books totaling 1000 ;.ages FREE. 
PLEASE :.OT :: Data books are shipped separate from your order. Please allow two weeks for 

delivery. 

UNIVERSAL DECADE COUNTING UNITS 

1. Easy to read single plane LED or Filament -type Readout with 
wide angle viewing. 

2. BCD Outputs available 
3. Readout Lamp Test 
4. Selectable Ripple Blanking 
5. Selectable Decimal Point 
6. Counter Reset 
7. Plug -in Module 
8. Molex Sockets for all IC's s Readout ......nArr//. 
9. Tin -Plated G -10, 2 -oz Copper, Glass Epoxy Board 

10. Your choice of 1 to 6 decades on one P.C. board. 
11. Grouping of 2 or more readouts on the same card, for custom 

designed appearance. 
12. 5 -Volt TTL compatable single supply. 
13. First in a series of universal plug -in modules to be introduced 

soon; for frequency counting, time measurements, event counting, 
DVM, magnitude comparison, etc. 

14. Well documented application note with step -by -step assembly and 
hook -up instructions. 

Circle 95 on reader service card 
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LED 
7- SEGMENT 

DISPLAY 

$4.95 Each 

50 -99 $4.75 
100 -999 $4.50 
1090 -up $4.25 

Large 4" 7- segment LED readout similar to 
the popular MAN -1 but with improved bright- 
ness. Has left-hand decimal point. Fits in 
a DIP socket. Expected life: Over 100 Yrs. 
Regularly $12.95 in single lots. These are 
BRAND NEW with full data sheet and 4 -page 
MULTIPLEXING Application Note. Needs a 7447 
for driver and ONE CURRENT -LIMITING RESIST- 
OR PER SEGMENT. We can supply you with one 
or ten thousand FROM STOCK. Also available, 
it OVERFLOW digit at the same prices. Mix- 
ing of Regular 6 Overflow digit allowed. 

Package of 8, 472 , 4W limiting R's.... 

Incandescent Type of 7- segment 
display. With right -hand decimal 
point. Rated 8mA per segment at. 

TTL supply of 5V. Design life o` 
50,000 hours. Needs a 7447 as a 

driver. In DIP Package. Each $3.. 

MOLEX IC SOCKET PINS: Use these 
economical pins instead of solder- 
ing your IC's to PC boards. Sold !r 
in continuous strips in multiples 
of 100 pins only. 
100 for $1.00; 200 for $1.80; 300 for $2.60 
400 for $3.40; 500 for $4.20; 600 for $5.00 
700 for $5.80; 800 for $6.60; 900 for $7.40 
400 for $8.20. Each additional 1000 $7.50 

ALLEN- BRADLEY :'IL -GRADE (5 -BAND) RESISTORS. 
Any of the 84 STANDARD 10% values from 2.7: 
to 22,11. 4 or S WATT. EACH 50 

CERAMIC DISC CAPACITORS. Type 5GA- 1000WVDC. 
5, 7.5, 10, 12, 15, 20, 22, 25, 27, 30, 33, 

39, 50, 56, 68, 75, 82, 100, 120, 150, 180, 

200, 220, 250, 270, 300, 330, 360, 390, 
470, 500, 560, 680, 750, 820, 1000, 1200, 
1500, 1800, 2000, 2200, 2500, 2700, 3000, 
3300, 3900, 4700, 5000LIF. EACH 100 
O.OI8F. Each 110 0.02.F. EACH 120 

LOW VOLTAGE DISCS, Type UK. 

1.0 .F, 3V 25f 2.2 ..F, 3V 300 

0.1 .: F, 10V 120 0.2 6F, 10V 200 
0.476F, 3V 250 0.016F, 16V 100 

ELECTROLYTIC CAPACITORS: 
All values are available in both, axial or 
:pright (PC Board) mount. PLEASE INDICATE 
NR CHOICE. 

10 ..F, 15V 150 100 uF, 25V 250 
500 uF, 25V 300 1000 uF, 35V 500 

VOLTAGE REGULATORS. Internally -set, overload 
and short- circuit proof regulators need no 
external components to set. With data sheet 
and application notes. TO -3 Package. 
LM -335, 5V, 600mA $2.85 
LM -336, 12V, 500mA $3.85 
LM -337, 15V, 450mA $4.05 
20 Watt PC -Board Type HEAT SINK $1.20 

STANCOR P -8180, 25.2 VCT, 1 -Amp Transformer. 
Ideal for use with LM- series. Each....93.00 

..',.MEBiCARO SOLID STATE SYSTEMS, INC. 
P. O. BOX 773 

COLUMBIA, MO. 65201 

PHONE 314- 443 -3673 
TWX 910 -760-1453 

TERMS: RATED FIRMS NET 30 DAYS. Others CHECK 

or MONEY ORDER with order. Add 350 to orders 
under $5.00 for postage 6 handling. For UPS 

add 450 and for AIR MAIL add 650 to your 
order; we pay the balance. If you are served 

by UPS in your area, we strongly recommend 
this service with its built -in $100 insur- 

ance. COD orders are FOB Columbia with 650 
COD fee additional. Canadian residents please 
add 500 for INSURANCE. 

;4I050URI RESIDENTS: Please add 49 Sales Tax. 

WRITE OR CIRCLE READER SERVICE CARD FOR OUR 
CATALOG OF PARTS 6 SERVICES. IT'S FREE. 
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LIVE IN THE WORLD OF TOMORROW ... TODAY! NEW PRODUCTS, NEW MATERIALS, NEW IDEAS! 

(1NUSUIG & PHYSICAL S CICNCC BUYS 
UNIQUE HARD -TO -FIND BARGAINS FOR FUN, STUDY OR PROFIT c) 

WHOOSH DUST OFF OPTICS, NEGS 
Fastest, rosiest. safest way 
to remove dust and lint 
from optics, negatives. 
slides: any hard -to -reach 
area. Saves hours of brush- 
ing. cleaning, spotting to 
get rid of microscopic dust. 
Patented solid propellent 
Fluovogel 8 -oz. areosol gives 
2.500 jet sprays of moisturc- 
free vapor. Dry air! Works 

in any position, even upside dove! Handy 5" extension 
snorkle gets to it, wherever. It's like having a pinpoint 
portahle 70-lb.-pressure compressor. Instrs. 
Stock No. 60,902EH $2.85 Ppd. 

BLACK -LIGHT MIGHTY MITES 
Relatively small (12 ") fix- 
Hires give surprisingly 
bright blacklight. Mirror - 
finished reflector makes in- 
stant starting 8- watt. high. 
intensity bulb look like 
10- waiter. Up to 5.0111) 
hours of safe, long -wave 
(3660A) black -light to really 
turn -on parties. light & 
t heal ri call shows, psychedelic 

decors, holiday :Iec :,rat ions. Shockproof end -caps remove 
for safe, easy replacement of bulb and starter. Stands 
upright or horizontal, Alum. case. 
Stock No. 71.274EH $14.95 Ppd. 
DELUXE OUTDOOR /INDOOR MODEL 
Stock No, 71.299EH $19.95 PPd, 
PLAY "BEAT- THE -COMPUTER ®" 

New "today" computer pro- 
gramming game is absorb- 
ing fun . . instructive too. 
Anyone (10- adult) can 
play -no science background 
needed! You'll learn to use 
a real program, solve EDP 
problems by moving your 
cards thru a simulated 
computer system; become 

knowledgeable about computer time sharing quesues, discs, 
lapes. input, output, sorting. Gameboard (18 x 24 "( 
accomodales ^- to 4 players. Instr. Incl. 
Stook No. 71,562EH $15.95 Ppd. 

50 -150 -300 POWER MICROSCOPE 
Amazing Value-3 Achro- 
matic Objective Lenses on 
Revolving Turret) Color - 
corrected. cemented achro- 
matic lenses in objectives 
give far superior resulta to 
single lenses usually found 
In this microscope price 
range. Results are worth the 
difference! Fine rack and 

Stock No. 70,008EH 
pinion focusing $24.50 Imported! 

MOUNTED 500 POWER OBJECTIVE: 
Threaded achromatic lenses. 3mm F.L. 
Stock No. 30,197ER $5,88 Ppd, 

NEW $99.50 HELIUM -NEON LASER! 
Completely" assembled. In- 
stant- starting w /3X power 
output of comparable models. 
Steady, ripple -free light of 
moderate (safe) power. Ex- 
cellent collimation. Simple 
and safe to use. 4(4 lb. unit 
reaches 75;'0 power in 2 
secs.; 10088. typically 0.5 
milliwalt (0.3 IllW 
mum) in 3 oins. Ileam 

I:tcrgencc 2 milliradians- 2 ems at 40 ft. 
Stock No. 79,004E H $99.50 Ppd. 
SINGLE MODE LASER No. 79,008EH ....$131.50 Ppd. 

sass: 

MAIL COUPON FOR 

GIANT FREE 
CATALOG! 

148 PAGES MORE THAN 

4,000 UNUSUAL BARGAINS 

Completely new 1972 edition. New items, cate- 
gories, illustrations. Dozens of electrical and 
electromagnetic parts, accessories. Enormous selec- 
tion of Astronomical Telescopes, Unique lighting 
and ecological items. Microscopes, Binoculars, Mag- 
nifiers, Magnets, Lenses, Prisms. Many surplus 

I items. 

EDMUND SCIENTIFIC CO. 

I Barrington, N.J. 08007 
Please rush Free Giant Catalog "EH" 

Name 

Address 

City State Zip 

AMAZING NEW WANKEL ENGINE KIT! 
Thrill to the fun of building 
cour own sec - through mo- 
torized model of revolution- 
ary pistonless type engine 

only engine experts 
think economically modifi- 
able to meet new pollution 
st andanls. Replaces piston, 
cylinder. crank assemblies 
with rotating discs (sections 
unloved for firing cham- 

bers). Smaller than cone.: fewer parts greater rel., same 
speed wyless h -p. Switch. Rey. 2 -1.5V bast. (not incl.). 
No. 71,424EH (4Vs" z 5" x 9 ") $6.75 Pod. 

WS*. 

DIGITAL COMPUTER LOGIC LAB 
Fascinating new any to 
learn computer types, binary 
systems. truth tables, logic. 
Make ring counter, shift 
register and binary counters. 
!'lay with reaction timer, 
electronic coin flipper. Ex- 
periment with memory, 
counting A arithmetic cir- 
cuits. 4 assembled module 
circuits (clock, solid -state 
nand gates. flip -flop, display), 20 patch cords for 100's of 
circuits -23 computer experiments. No electronic know- 
how needed! 74 pg. illustr. manual explains all. Refl. 
Lis hall. (ot incl.). 
Stock No. 71,403EH $39.75 Ppd. 

TURN BOTTLES INTO TREASURES 
Be ecological and artistic 

with this low -cost Bot- 
tle Cutter Kit. Easiest -to- 
use one we've found. Make 
saleable, attractive glasses. 
lamps, dishes, candlehold- 
ers, vases . from ordi- 
nary no- return smooth -sur- 
face bottles, jars. Cut any 
bottle safely, easily in less 
than 5 minutes for fun. 

profit, home decorations with just an ice -cube and this 
superior kit. Includes cutter (3a; X 75/ X 24'), candle. 
2 -oz. grinding powder. smoothing cloth. Complete inst. 
Stock No. 71,475EH 510.95 Ppd. 

STARTS SEEDS IN 3 TO 5 DAYS! 
New thermostatically con- 
trolled electric greenhouse 
provides constant 70° grow- 
ing temperature, accelerates 
.seed germination, helps pro- 
duce healthy thriving plants 
ready for outdoor planting. 
Big 3 sq. ft. planting area 
-29" X 15" X 4" box holds 
s. bushel of growing me- 
dium. Germinates tomato 
seeds in 3 -5 days: asters, dahlias, petunias. wk. or less. 
Incl. 3 X 4 ft. clear plastic cover, supports 4 pkgs. of 
veg. & flower seeds. Uses reg. home current. 
Stock No. 80,153EH $12.95 Ppd. 

FLEXIBLE IMAGE TRANSMITTER 
Ili -resolution image- trans- 
tuitter lets you see into re- 
mote, inaccessible illumi- 
nated areas: through pipes. 
tubes or any % "+ opening 
no matter how intricate. 
l'rovides clear. wide sight- 
ing. 7X magnifying eyepiece 
focuses from less than t/a" 
from subject to infinity. 
Ideal for monitoring hazard- 

ous processes. surveillance Instrument. demonstrate fiber 
optics. Over 4.000 coherent glass fibers I.1102"1, %" dia. 
semi rigid gooseneck sheathing. 
Stock No. 60.857EH $40.00 Pod. 

3" ASTRONOMICAL TELESCOPE 
See noon shots, orbita- 
stars. phases of Venus, 
planets close up. 60 to 180 
power. New improved. alu- 
minized and overcoated 3' 
diameter f/10 primary mir- 
ror. ventilated cell. Equa- 
torial mount with locks on 
both axes. Equipped with 
Mrs finder telescope. hard - 

wood tripod. Included 
1 "llEE: ".TAR CHART": 272 page "HANDBOOK OF 
HEAVENS": "HOW TO l'IE TELESCOPE" book. 
Stock No. 85.050EH $32.95 Pod. 
No. 80,162EH DELUXE 3" $59.50 Pod. 
Stock No. 85.105EH 4'4" $94.50 FOB 
Stock No. 85.086EH 6" $239.00 FOB 

TAPE -SLIDE SYNCHRONIZER 
Coordinate tape recordings 
with slide series. Hook up 
stereo recorder to remote 
control projector and TOS- 
thvn record what you wish 
for each slide. Playback and 
'(sas AI "I'OM:1TICALLY 
changes slides in synch. 
w/ tape. your presentation 
"gives it self". Perfect for 
sales meetings. lemures. & 

"talking albums" of cl, i ld's growth -a new dimension to 
vacations. parties . anywhere. 
Stock No. 41,222E H $21.95 Ppd. 
6 -FT CONNECTOR CORDS $4.75 Pod. each 

Kodak Proj. ( #60,804EH) Airequipt ( #60,805EH) 

"SEE" SOUND! "WATCH" MUSIC! 
New 2 channel Color Organ 
Lamp translates sounds in- j 
to exciting visuals. Get f 
flashing. pulsing colors 
from tapes, records, radio. >t 

TV. instruments -within 50 
ft. Whisper as low as 65 
dcbls and see it react! 
Great party fun. conversa- 
tion piece. hart! -of- hearing 
aid -visually alert to door- 
bell. phone. footsteps. Plugs into any elec. outlet. 8" 
uuhrcakahle wht translucent sphere, 4" dia. base. Inels 2 

colored bulbs. instes. 
Stock Na. 71,575EH $13.95 Pod. 

NEW ELECTRONIC CALCULATOR -$99.50 
Terrific American -made 
value, big machine capabili- 
ties. 1st truly personal 
electronic calculator gives 
silent answers In millisec- 
onds. 3- Ih.- 6%x9x2" high. 
Add. subtract, multiply, di- 
vide. do mixed calculations. 
8 digit entry & readout 
w /16 -digit cap. Auto. pre - 
'(se to the decimal. Has 
underfiow zero suppression. minus signal for true credit 
balance. error correction. keyboard roll over memory. 
Solid state: nodular constr. I year guar. (normal use). 
Stock No. 78,000EH $99.50 Ppd. 

POWER HORN BLASTS A MILE 
Frighten prowlers, muggers. 
vicious dogs with 118 deci- 
bels. Just press and this 
Freon powered pocket -sized 
horn can be heard a mile 
away to signal for help or 
fun. Great for boating (it 
floats). hiking, camping, 
hunting. seashore, rooting 
for your team. Can he heard 
over traffic and constr. noises 
to sound fire drill, lunch break or emergency. Weighs only 

3 oz. but contains up to 100 mile- piercing blasts. 
Stock No. 41.423EH $3.25 Ppd, 
2 Refill Cartrs. (P-41.424EH) $2.75 Pod. 

3- CHANNEL COLOR ORGAN BARGAIN! 
Create tremendous iaraety w 
unusual & beautiful lighting 
effects with this low -cost 
top -quality 1500 -Watt unit 
(500 W. per channel). Cum. 
pare with others selling for 
twice the price. Has pilot light. plus individual sensi- 
tivity controls and channel 
indicator lights. Can operate 
ten 150 W. "spots" or 200 
Christmas lights. Uses reg. 
house current -attaches to audio source w /RCA -type phone 
plug. 5>/ a 6$ z 21/4'. 21 lbs. Thermal setting plastic 
rase, 6 -ft. cord. Including complete instructions. 
Stock No. 71,223EH $49.95 Ppd. 

HI- VOLTAGE ELECTROSTATIC GENERATOR 
Van De Graaf low-amp type. 
211011.000 colt potential. yet 
completely safe. Demon- 
strates lightning. St. Elmo's 
Ore, repulsion of charges, 
electrostatic dust collection. 
many other electrical won- 
ders. Meter. 110v, 00 cycle. 
AC. !tumidity range. 
0 -110%. Current. 1.5 to 2.5 
micro:imps. Aluminum base. 
frame and charge collector. Unbreakable plastic. Insu- 
lating column. 17" height. Gná" diant. Full instructions. 
Stock No. 70,264EH $53.75 Ppd. 
STATIC ELECTRICITY GENERATOR 
Stock No. 70,070EH $19.50 Pod. 

SELF -PRIMING 350 G.P.H. PUMP 
Lifts water 20 ft., pushes 
it 50 ft. Drain flooded base- 
ment, aquarium, boat: fill 
tanks. transfer most liquids 
(not gasoline). Brass con- 
nections fit garden hose. 
H.," pipe. Instant self- primer 
pump (3 yax414,871.4 ") non 
corrosive. .lust 1 moving 
part. Stainless steel wear 
plates. Sy,tem inels han- 
dle. pump. hi- torque encl. 11:nv AC motor w/thermal 
carload protection. two uirl inn ,F discharge buses. 6 -ft. 

beat -y duly grounded curd. bra,. strainer. instrs. and 
I u.ycar guarantee. 
Stock No. 71,440EH $39.95 Ppd. 

"FISH" WITH A MAGNET 
Co treasure hunting on the 
bottom! Fascinating fun & 
sometimes profitable! Tie a 
line to our 5 -Ib. Magnet- 
drop it overboard in bay. 
river, lake or ocean. Troll it 
along bottom -your "trea- 
sured" haul can be outboard 'ç 

motors. anchors. other metal 
valuables. 5 -1h. Magnet is 

war surplus -Alnico V Type ' - - 
-Gov't. cost $50. Lifts over 150 lbs. on 
greater weights under water. 
Stock No. 70,571EH $14.00 Ppd. 
Stock No. 70.570EH 3 -1/s LBS $8.75 Ppd. 
Stock No. 85,152EH I5 -3 /e LBS 653.95 F.O.B. 

land -much 

EDMUND 
SCIENTIFIC CO. 

ORDER BY STOCK NUMBER SEND CHECK OR MONEY ORDER MONEY -BACK GUARANTEE 

300 EDSCORP BLDG. 
BARRINGTON, NEW JERSEY 08007 
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4 nun 
Heathkit Catalou 

o M$ 

NEW Solid -State 

Heathkit Color TV - 
the best TV kit 

ever offered 

25" diagonal matrix tube, 
24- position UHF /VHF detent power 
tuning, varactor UHF tuner, MOSFET VHF tuner, tint switch. New perform- 
ance and convenience. Detent tuned UHF & VHF. Preselect any 12 favorite 
UHF stations, then power pushbutton (or remote) tune all 24 channels in 
either direction. New angular tint control switch selects normal or wide 
angle color to reduce tint changes between stations. Exclusive Heath MTX -5 
ultra -rectangular black matrix tube has brighter pictures, better contrast. 
"Instant -On." Automatic fine tuning. Adjustable tone control. Automatic 
chroma control. Adjustable video peaking. More sensitive tuners. Trans- 
former operated. Built-in dot generator and volt -ohm meter. Choice of cabi- 
net styles from $81.95 *. 
Kit GR -900, less cabinet $599.95* 
Kit GRA-900-6, remote control $79.95* 

NEW Heathkit Solid -State Ignition Analyzer 
Analyzes standard, transistor, or capaci- 
tive discharge systems on 3, 4, 6, or 8 

cyl. engines to find bad plugs, points, 
wiring or distributor parts, incorrect 
dwell time, coil, condenser, transistor 
or CD circuitry problems. Built -in tach, 
0 -1000 & 0.5000 rpm ranges for carb. 
adjustments. Constant width patterns, 
primary or secondary, parade or super- 
imposed, plus expanded. Optional 12VDC 
supply for road checks, $24.95 *. 
Kit CO -1015 $129.95* 

NEW Heathkit 8 -Digit Calculator 
Adds, subtracts, multiplies, divides, chain 
or mixed functions, and constant. Float- 
ing or selectable 7 position decimal. Plus, 
minus, and overflow indicators. Overflow 
protection of most significant 8 digits. 
Clear- display key to correct last entry. 
Standard keyboard. American LSI cir- 
cuitry. Bright 1/2" red digits. 120 or 240 
VAC operation. Desktop black & white 
cabinet, 31/2" h x 6" w x 101/4" d. 

Kit IC -2008 $129.95* 

Your free 1972 Heathkit catalog describes more kits than ever... 
over 350...all designed to give you fine performance and save you 
money when you buy and when you use. Choose solid state color TV, 

stereo, marine, automotive, test instruments, amateur radio, short- 
wave, home appliances, and more! Send for your free copy today. 

NEW Heathkit 
Digital FM Tuner 
Another Heathkit "first" in consumer electronics. Pure digital computer 
design including digital frequency synthesizer tuning employing phase -lock- 
loop techniques, FET varactor FM RF front end, digital discriminator and 
readout result in performance specs and tuning convenience that already 
are the talk of the audio world: channel frequency accuracy better than 
0.005 %; less than 1.8 uV sensitivity; distortion levels of 0.1 %; selectivity 
and IF rejection better than 95 dB; image & spuricus rejection better than 
90 dB; S/N ratio better than 65 dB; separation better than 40 dB. One of a 

kind, the Al -1510 "computer tuner" is the only tuner offering you 3 dis- 
tinct tuning modes; keyboard, computer -type punch cards (up to 3), plus 
automatic band scanning with variable speed and stereo -only capability. 
The 55 ICs, 50 transistors and 50 signal diodes mount on 10 modules with 
7 plugging into a master board for optimum computer modularity & ease of 
assembly. loin the computer generation of audio equipment - order your 
Al -1510 today. 

Kit AJ -1510, tuner only $539.95* 
Cabinet $24.95* 

NEW Heathkit 
4- Channel Amplifier 
Brings you 200 versatile watts for discrete or matrixed 4- channel sound, 
and stereo or mono. Built -in matrix circuitry decodes matrixed 4- channel 
recordings or broadcasts, lets you use your existing stereo equipment as 
well as enhancing your present stereo records aid tapes. As discrete 4- 
channel media grows the AA -2004 is ready... with four amplifiers producing 
260 watts into 4 ohms (4x65), 200 watts into 8 ohms (4x50), 120 watts into 
16 ohms (4x30), and controls for every source, mode and installation. Ampli- 
fier sections are controlled in pairs with one complete stereo system for 
left and right front speakers and another for left and right rear - so it can 
be used to power two complete 4- channel systems (up to 8 speakers)... or, 
four separate- source mono systems if desired. Easy circuit board assembly. 

Kit AA -2004, amplifier only $349.95* 
Cabinet $24.95* 

NEW Heathkit Solid -State FET VOM 

Dual FET portable multimeter with lab grade accu- 
racy, 10 megohm input and the ranges you really 
need. 9 DCV & ACV ranges. 0.1 to 1000 v, ± 2% 
accuracy. 6 DC & AC current ranges, 10 microamps. 
to I amp. 7 resistance ranges, X1 (10 ohm center) 
to X1Meg. 9 dB ranges, -40 to + 62. 1% precision 
metal -film dividers. 41/2 ", 100 uA, ruggedized taut - 
band meter, diode & fuse protected. Battery check. 

Kit IM -104, less batteries, $79.95 *. 

See them all at your Heathkit Electronic Center...or fill out the coupon below 
HEATHKIT ELECTRONIC CENTERS - ARIZ: Phoenix, 2727 W. Indian School Rd.; CALIF.: Ana- 
heim, 330 E. Ball Rd.; El Cerrito, 6000 Potrero Ave.; los Angeles, 2309 5. Flower St.; 
Pomona, 1555 Orange Grove Av. N.; Redwood City, 2001 Middlefield Rd.; San Diego (La 
Mesa), 8363 Center Dr.; Woodland Hills, 22504 Ventura Blvd.; COLO.: Denver, 5940 W. 
38th Ave.; FLA.: Miami (Hialeah), 4705 W. 16th Ave.; GA.: Atlanta, 5285 Roswell Rd.; 
ILL.: Chicago, 3462-66 W. Devon Ave.; Downers Grove, 224 Ogden Ave.; KANSAS: Kansas 
City (Mission), 5960 Lamar Ave.; MD.: Rockville, 5542 Nicholson Lane; MASS.: Boston 
(Wellesley), 165 Worcester St.; MICH.: Detroit, 18645 P. Eight Mile Rd. 8 18149 E. Eight 
Mile Rd.; MINN.: Minneapolis (Hopkins), 101 Shady Oak Rd.; MO.: St. Louis, 9296 Gravois 
Ave.; N.J.: Fair Lawn, 35-07 Broadway (Rte. 4); N.Y.: Buffalo (Amherst), 3476 Sheridan 
Dr.; New York, 35 W. 45th St.; Jericho, L.I., 15 Jericho Turnpike; Rochester, Long Ridge 
Plaza; OHIO: Cincinnati (Woodlawn), 10133 Springfield Pike; Cleveland, 5444 Pearl Rd.; 
PA.: Philadelphia, 6318 Roosevelt Blvd.; Pittsburgh, 3482 Wm. Penn Hwy.; TEXAS: Dallas, 
2715 Ross Ave.; Houston, 3705 Westheimer; WASH.: Seattle, 2221 Third Ave.; WIS.: Mil- 
waukee, 5215 Fond du Lac. 

r 
HEATH COMPANY, Dept. 20 -6 
Benton Harbor, Michigan 49022 I 

Please send FREE Heathkit Catalog. I 

Enclosed is $ , plus shipping. 
Please send model(s)_ 

i------ 
, 

HEATHKIT 

Schlumberger 

Name 

Address 

City State Zip 
Prices & specifications subject to change without notice. 

I 
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The Tuner People 
Pioneers of TV Tuner Overhauling 

Originators of Complete TV Tuner Service 
Castle offers the following services to solve ALL your television tuner problems. 

Universal Replacements from $8.95 
These universal replacement tuners are 
all equipped with memory fine tuning 
and uhf position with plug input for 
uhf tuner. They come complete with 
hardware and component kit to adapt 
for use in thousands of popular TV 
receivers. 

STOCK 
No. HEATERS 

SHAFT 
Min. Max. 

I.F. 
Snd. PRICE 

CR6P Parallel 6.3v 13/4" 3" 41.25 8.95 

CRIS Series 600mA 13/4" 3" 41.25 9.50 

CR9S Series 450mA 13/4" 3" 41.25 9.50 

CR6XL Parallel 6.3v 21/2" 12" 41.25 10.45 

CR7XL Series 600mA 21h" 12" 41.25 11.00 

CR9XL Series 450mA 21/2" 12" 41.25 11.00 

Castle Replacements $1S.9S 
Castle custom replacements made to fit in place of original tuner. Purchase out- 
right ... no exchange needed. Write for current list of Castle replacements, or 
request the part number you require (use number on ORIGINAL TUNER ONLY; do 
not use service literature numbers). Available for many of the popular models of 
following manufacturers: Admiral, Curtis Mathes, Emerson, GE, Heathidt, Magna- 
vox, Motorola, Muntz, Philco, RCA, Sears, Sylvania, Westinghouse, Zenith and 
many private labels. 

Tandem uhf-vhf replacements NOW $21.95 

Available in popular models of: Muntz, Olympic, Philco, Sears, Westinghouse and 
private labels. 

Overhaul Service $9.95 
This is the service pioneered by Castle! We are now in our third decade 

of serving the TY Service Industry 
Service on all makes and models, vhf or uhf, including transistor and color tuners 
... one price $9.95 (does not include tuners older than 10 years). Overhaul in- 
cludes parts, except tubes and transistors. 

Simply send us the defective tuner complete; include tubes, shield cover and any damaged parts 
with model number and complaint. Your tuner will be expertly overhauled and returned promptly, 
performance restored, aligned to original standards and warranted for 90 days. 

Dismantle tandem uhf and vhf tuners and send in defective unit only. Remove all accessories . . . 

or dismantling charge may apply. 

Custom Exchange Service $17.95 
When our inspection reveals that original tuner is unfit for overhaul, and it is not 
available from our stock of outright replacements, we offer to make a custom re- 
placement on exchange basis. Charge for this service is $15.95 for uhf tuner and 
$17.95 for vhf tuner. 
If custom replacement cannot be made we will custom rebuild the original tuner 
at the exchange replacement price. 

All replacements are new or rebuilt. All prices are f.o.b. our plant. Add shipping 
and handling of $1.25 on all prepaid orders. We will ship C.O.D. 

CASTLE TV TUNER SERVICE, INC. 
MAIN PLANT:5715 N. Western Ave., Chicago, III. 60645 Ph. 312 -561 -6354 

EAST:130 -01 89th Rd., Richmond Hill, N.Y. 11418 Ph. 212 -846 -5300 
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